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ABSTRACT 


This thesis concerns the measurement of times to detect 
multiple targets. It compares two common definitions of 
times to detection=-=- interdetection time, and search time to 
detection=--to a relatively mew definition called time in 
field-of-view until detection. This comparison uses’ the 
data from the Thermal Pinpoint Test conducted from July to 
December 1983. Detection time distributions and mean times 
to detection were studied, looking for patterns in the 
geometric ordering of targets, and in the chronological 
ordering of detections. Observer search scan behavior was 
also briefly analyzed. Mean time in field of view displayed 
some interesting results. Significant correlation was 
discovered between the mean time to detect one target and 
the mean time to detect the next target. Additionally, a 
linear trend was found in the mean time in field-of-view 
over chronologically ordered detections. Finally, a mathe- 
matical model was derived to explain the time to detect a 


sequence of targets. 
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A. GENERAL 

The target detection phenomenon is very complex, and is 
influenced by many factors. Some of these factors are hard 
to measure in the field and some are probably impossible to 
include explicitly in combat models. In this analysis we 
study the phenomenon ina relatively new way to gain further 
understanding of it. 

This analysis iS acomparison of three methods of 
computing time to detection ina multiple target environment 
using data from a field experiment. These methods are 
really different ways of defining time to detection. While 
many search algorithms have been developed for minimizing 
detect time, and most high-resolution combat simulations 
model detect time, few analyses or models have dealt with 
the definition of time to detect ina multiple target 
environment. 

The three time to detect definitions discussed here are: 


1. The time interval from the last target detect to the 
next target detect (called detect-to-detect), 


2. The time interval from the start search time to target 
detect (called search-to-detect), an 


3. The, accumulated time the target 1s within, the obser- 
ver s field of view (FOV) until detection (called 
FOV-to-detect). . 

These three definitions are explained further in Chapter 
Live 

The purpose of this analysis is to compare a novel 
approach in computing time to detection, FOV-to-detect, with 
the two other methods which have common usage. It is hoped 
that the results of this comparison will help to further the 
understanding of the detection phenomenon and to assist 
combat modelers in their attempt to accurately portray 
detections in a multiple target environment. The idea of 


_— 


measuring FOV-to-detect can be accredited to analysts at 
TRASANA and CDEC. But to this author's knowledge, this is 
the first time FOV=-to-detect has actually been computed 
using field test data. 


B. SCOPE OF ANALYSIS 

This analysis is limited to a comparison of three time 
to detect definitions in a multiple target environment. The 
data used in this comparison came from day trials of the 
Thermal Pinpoint Test. The Test basically consisted of 
observers and targets. The observer's mission was to search 
an assigned sector, detect and identify all targets, and to 
engage targets not yet engaged. The target's mission was to 
follow its assigned schedule of movement (if so designated), 
and simulate firing (if so designated). Of concern to the 
analysts designing the Test was the observer's behavior and 
abilities, not those of the target. In that sense, the Test 
Was one-way. Further description of the Test is in Chapter 
een 

The sole concern of this study is the detection phenom- 
enon, and the time required for the observer to first detect 
the target. Thus, subsequent detections were not consid- 
ered. Also, not of concern in this analysis were the events 
occurring after each target detection and before starting to 
search for the next target (target recognition, aiming, and 
firing at the targets). . 

A thorough investigation of the different factors 
affecting time to detection and the probability of detection 
is outside the scope of this paper. At least two studies 
have already done that for the Thermal Pinpoint data. These 


are described below in the next section. 
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A. THE THERMAL PINPOINT TEST 

The data studied in this analysis is from the Thermal 
Pmrpocant Teste conducted at Fort Hunter Liggett, California 
during the period 19 July to 10 December 1983. The Thermal 
Pinpoint Test was designed and conducted by the Combat 
Developments Experimentation Center (CDEC) headquartered at 
Pot Ord, Cai. foOmmaa. The field test was performed in 
response to a need identified by the Deputy Under Secretary 
of the Army for Operations Analysis (DUSA-OR) for field 
experiments to help further the understanding of the target 
detection phenomenon. It was felt that special emphasis 
should be placed on comparing the capabilities of thermal 
and nonthermal sights ina ground combat environment. The 
Army's TRADOC Systems Analysis Activity (TRASANA) was 
selected to be the proponent for this test with CDEC to 
conduct the test and provide TRASANA with the reduced data 
for subsequent analysis [Ref. 1: pp. 1-2,1-3]. It was hoped 
that the knowledge gained from analyzing test results would 
not only give better understanding of detection, especially 
detections using thermal and optical sights. Combat 
modellers would also benefit. 

Several studies have previously been done on this test. 
CDEC's Final Test Report, dated January 1984 provided 
TRASANA with statistical data and a complete description of 
the test conduct. TRASANA is on the verge of publishing its 
analysis of this data. In September 1985, Captain Cornell 
McKenzie presented a statical analysis of the data for his 
masters thesis in Operations Analysis at the Naval 
Postgraduate School. His study focused on the target acqui- 
Sition capabilities of tanks--specifically, detection times 
and number of detections, broken down by most of the trial 


and environmental conditions [Ref. 2: p. 11]. 


aha 


B. TEST DESIGN 

Consisting of 288 trials, the Thermal Pinpoint Test 
evaluated the behavior of six ground observer platforms 
(four tanks, and two TOW antitank weapons). For each trial, 
there were ten targets (normally four tanks, two BMPs 
(armored personnel carriers), two thermal tank decoys, one 
M48 tank, and an M551 Sheridan tank. The M48 and M551 
represented dead tanks, or hulks. All targets were in hull 
defilade, that is, partially concealed from the observers by 
a hill or ground. Target positions were varied periodically 
between trials and selected so that line of sight existed 


between all observer/target pairs. [{Ref. 1: pp. 2-8,2-9] 


TABLE O 
TEST DESTCN WALK 






Irial Type 





Day Stationary 
Moving 


Night stationary 
Movin 


Morning stationary 
Moving 


Evening stationary 
Moving 


Total number of trials = 288 


Table I shows the design matrix for the Thermal Pinpoint 
Test. It indicates the number of trials conducted in each 
cell for the three major conditions: time of day, observer 


motion, and observer-target range. [{Ref. 3: p. 3-9] 
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Observer stationary trials were 10 minutes in duration, 
with nine of the ten targets stationary. One tank or BMP 
was designated to move at certain periods of the trial. 
Observer moving trials lasted for four minutes, with some of 
the targets moving. In all trials, the observer crews were 
isolated from each other so that no target location cues 
passed between them [Ref. 1: p. 2-9]. Thus, each observer's 
behavior was independent of the others. The number of 
observer/trials was 1728 (288 trials x 6 observers). 

Most pertinent controllable factors affecting target 
detection were measured, from observer sight type to visual 
target-to-background contrast. The test design [Ref. 3: pp. 
3-2,3-4], categorized the trials, observers, and targets as 
follows: 

ieee lriaw Factors 

| a. Time of day (morning/day/evening/night ) 
1) Morning was defined as one hour before sunrise 
until one hour after sunrise; 
Z) Day was defined as one hour after sunrise 
until two hours before sunset; 
3) Evening was defined as two hours before 
sunset until one hour after sunset; 
4) Night was defined as one hour after 
sunset until one hour before sunrise. 
b. Trial site (1-9) 
Zz. Observer Factors 
a. Observer motion (stationary/moving) 
Observer type (tank/TOW) 
Gunner sight type (thermal/optical) 
Hatch status (tank only: closed/open) 


ae ome 


Tank commander search mode (tank with open hatch 
only: sight/unaided visual) 

ae Sight FOV (thermal: 2.5 degrees and 15 degrees 
optical: 8 degrees) 


g. Crewmember making detection (tank cmdr/gunner) 


es 


h. MOPP (chemical and radiological gear worn: yes/no) 
3. Target Factors 
a. Observer-Target azimuth (degrees measured 


clockwise from grid north) 


Target type (tank/BMP/hulk/decoy) 
Target motion (stationary/moving) 
Camouflage (none/partial/full) 
Engine status (off/running/ N/A) 


Target-Background temperature contrast level 


POT ae 


Target-Background visibility contrast level 
4. Environmental Factors 

a. Times of sunrise, sunset, sulnset, moonrise, 
and moonset 
Air temperature 
Relative humidity and dewpoint 
Windspeed and direction 


Visibility and cloud cover 


Alle ie kei 


Other weather related factors 


ee SEQUENCE OF TRIAL EVENTS 
While various conditions were varied between trials, all 


trials had the same basic sequence. All primary test design 


variables (time of day, range, observer motion, hate 
status, MOPP status, and sight type) were held fixed 
throughout the trial [Ref. 3: p. 2=se]% The following is a 


list of possible events that were recorded for each observer 


in a trial. 


1. Tank crew begins searching for @uargers. The tank 
commange OLS is normally in control of slewing the 
urret. 


2. If the hatch is open, the TC can, at any eine oe ee 
nate back and forth between the tank sight and pe bepe e! 
out the hatch (with or without binoculars) 3 ieee 
uses the sight, he has the same sight picture as the 


gunner. 

<7 If the sight type is thermal the gunner can, at an 
time, alternate the FOV between narrow (2.5 degrees 
and wide ne degrees). The optical sight FOV Sia 
constant at 8 degrees. 
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Observer-Target range (between 900 and 3300 meters) 


4. Either the gunner or the TC detects a target. The 
crewmember making the detection is recorded. 


>. the Eype Sade Gecelon., Cuchyeate any ers identified 
(target moving, firing, etc. ) 

6. Either the Ce or the TC recognizes the target_as 
false target, hulk, decoy, or a valid target. The 
claimed target type is recorded. 

7. If the target is valid and has not yet been fired on 
by that observer, then the TC directs the gunner to 
aim and fire (simulated). Since no actual rounds were 
fired, no casualty assessment was made by the crew. 


8. The crew pagans SSS ae for another target. The 
sequence continues until trial end. 


D. LIMITATIONS OF THE THERMAL PINPOINT TEST 

Any time a controlled field test tries to simulate live 
combat, there will be some lack of realism. Stress is Known 
to be a major factor in proficiency. Test conditions such 
as smoke, artillery simulators, and blank ammunition which 
were employed in the Thermal Pinpoint Test probably 
instilled only a small degree of combat stress in the obser- 
vers. The results of the test must be weighed accordingly. 
More likely, an element of boredom set in over the period of 
the 288 trials. Learning the "tricks" of the test surely 
occurred, such as learning target placement patterns, and 
learning to recognize quickly the four target types used 
throughout (tanks, BMPs, hulks, and decoys). For this 
reason, the last quarter of the trials are probably less 
meaningful than the rest. 

Climate conditions at Fort Hunter Liggett varied consid- 
erably over the duration of the test (July to December) and 
environmental conditions were recorded for each trial. The 
hot summer drought and the wet fall are quite different from 
other climates. Care must be taken in applying these 
results to other areas, seasons, and conditions. 

In view of the scope of this analysis, one minor limita- 
tion to the Thermal Pinpoint Test was that the number of 


targets was not varied. It is intuitive that a very 
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important factor affecting time to detection is the number 
of targets within range and line of sight. One might reason 
that as the number of targets increases so does the time to 
detect all targets. It is also reasonable to believe that 
the time between detections would decrease because there are 
more targets and some are therefore easy to find. In ordes 
to test this theory directly, trials with five and fifteen 
targets might have been included in the Thermal Pinpoint 


Test, rather than having ten targets in all the trials. 
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III. DATA MANIPULATION 


oe Poe tNGTIONS OF TIME TO DETECT 
There are two commonly used methods of measuring time to 


detection and a relatively unexplored third method: 


1. Lapsed time between detections, detect-to-detect 
(hereafter called DETDET), 
2. Lapsed time from start of search to detection (here- 


after called SEARCHDET), 


3. Accumulated time the target is within _ the observer's 
FOV until detection (hereafter called FOVDET). 


To better understand the differences between these 
methods, we will compare them in measuring the same hypo- 
thetical trial. Let the trial duration be 180 seconds, and 
let us assume there is one stationary observer and three 
stationary targets of equal priority within the observer's 
line of sight. The sight he uses has a defined field of 
view and at every second of the trial, the sight azimuth is 
recorded. Also recorded are the times of search start, 
target detection, target recognition, aiming, and firing. 
Figure 3.1 depicts the three methods for the hypothetical 
eval. 

ie DET DET 

Otherwise Known as interdetection time, DETDET is 
the easiest to compute. Many combat models use this defini- 
tion of time to detect, at least indirectly. Most Army 
high-resolution combat models use the Night Vision and 
Electro-Optics Lab (NVEOL) detection model. Briefly stated, 
it computes the probability of target detection P, in time 
tecerVal t, by the formula: 

i Silay el ace | 
where P is the probability that the target will be found in 
an infinite time, and is the mean time to detection 
(DETDET), for those targets detected. Note that the model 
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Ficure, 6.1 Diagram of DETDET, SHEARCHDET, and FOVDEs 
In a Hypothetical iriail 


does not predict target detect time. Instead, it uses a 
given mean time to detect to predict probability of detec- 
G1On Dy Gime ec. Further discussion of the NVEOL model can 
be found in [Ref. 4: pp. 2-7]. 
Z.  SEARCHOESE 

SEARCHDET is the same as DETDET except it does not 
include the interval the observer spends between detection 
and starting to search for another target. This interval 
includes recognizing the target as friend or foe, aiming at 
the target (and other preparation for fire steps), firing at 
the target, and casualty assessment. SEARCHDET is often 


seen aS more appropriate than DETDET because it only counts 
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the time the observer is actually searching. Notice in 
Figure 3.1 that from trial start to the first detection, 
SEARCHDET is the same as DETDET. With that exception, the 
SEARCHDET time is lower than DETDET. Both CDEC's Final 
Report and McKenzie's thesis used the SEARCHDET definition 
in their analyses. 

3. EOQVDET 

FOVDET goes one step beyond the SEARCHDET method. 
It only counts the time the observer is searching and 
looking in the "direction of the target". Here, "direction 
of the target" is defined as within the observer's FOV. 
Figure 3.1 indicates that FOVDET is not consistently more or 
less than either DETDET or SEARCHDET. This method is by far 
the hardest to calculate, which is likely the reason that 
few analyses appear to have used it. Another reason is that 
it requires more instrumentation in the field test than the 
other methods. 

It is interesting to note that NVEOL has conducted 
several experiments studying FOV and its affect on target 
detection. Their results indicated, as did McKenzie, that 
mean time to detect and FOV were inversely related. 


However, no FOVDET computations were made. 


B. FOVDET CALCULATION 

While DETDET and SEARCHDET are readily available from 
the data and little computation is necessary, FOVDET is 
another matter. To illustrate how involved the FOVDET 
computation is, we return to our hypothetical trial. 
Imagine at each of the three targets there is a clock that 
accumulates the duration that it comes within the observer's 
FOV. As he scans the battlefield, in effect, the observer 
is "illuminating" the area with a FOV "beam". As a target 
is illuminated, its time counter is activated, like a solar 
powered clock, until the illumination departs. This "target 


eee accumulates the total time it is illuminated until 


IS, 


the target is detected for the first time. ( Subsequent 
detections of the same target are not considered in this 
analysis. ) Because the observer's search pattern is some- 
what random, this "target clock" could be activated several 
times over the course of the trial. 

In our hypothetical trial, both the observer and the 
target are stationary and targets are assumed to be of equal 
priority to the observer. The observer engages targets as 
he detects then, so it is unnecessary for him to redetect 
the target later. 

To compute a target's time within FOV, the following 
information 1s required at one second intervals throughout 
the trial: 

1. the observer X,Y position coordinates, 
Zz. the target X,Y position coordinates, 
3. ~ the observer's sight azimuth, 
4. the observer's FOV in degrees. 
From the X,Y coordinates, the observer-target (OT) range and 


azimuth are calculated from the formulas: 


OT range = (Xobs-Xtgt)*+( Yobs-Ytgt) = 


Lf Atge =) XoObs “Ehen: OT azimuth 
li Xtgt = Xobs then: Of azanucth 


90-(arctan(A) x 180/  ) 
270-(arctan(A) x 180/  ) 


II 


where A (Ytgt-Yobs)/(Xtgt-Xobs), 
Xobs and Yobs are the X and Y coordinates of the observer, 


and Xtgt and Ytgt are the X and Y coordinates of the target. 


The OT azimuth is needed to compare to the observer's sight 
azimuth to determine if they are within plus or minus half 


of the observer's FOV angle. 


For example, if at a given point inthe trial, the 
observer-target azimuth is 280 degrees, and the observer is 
using his wide angle FOV (15 degrees), and the observer's 
Sight 1s pointed at 286 degrees, then the target is within 
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the observer's FOV. This procedure is repeated for every 
second of the trial until detecticn (or until end of trial 
if the target was not detected). 

In our hypothetical trial, there is one observer and 
three targets. Therefore three "target clocks" are being 
"illuminated" separately, resulting in three separate FOVDET 
computations. The volume of FOVDET computations in the 
Thermal Pinpoint Test, required a massive amount of computer 
time and space. For every usable observer/trial, the FOVDET 
computaion had to be repeated 5400 times (600 seconds trial 
duration x 9 targets). From the above four data require- 
ments and the amount of calculations involved, it is easy to 
understand why the FOVDET measure has not been widely 


trea 1i zed. 


C. DATA DELETIONS 

Because of the data requirements to compute FOVDET, much 
of the Thermal Pinpoint data had to be deleted. The dele- 
tions mentioned here were not due to errors in collecting 
data. They result from the data prerequisites to compute 
FOVDET. A discussion of data errors is in the next section. 

The most limiting prerequisite was the need to have 
continuous and accurate position location (PL) data for 
observers and targets. For all observer moving trials, 
observer PL data were recorded only at the time of trial 
start. Therefore all those trials were deleted from this 
analysis, cutting the number of trials from 288 to 144. 

The requirement for PL data also caused the deletion of 
the one moving target in each observer stationary trial. As 
with moving observers, PL was recorded (in the data set) at 
trial start only, and there was no accurate way to compute 
the target's PL from information in the data set. Thus, 
only nine targets were considered in this analysis. 

The next most limiting requirement was to have nearly 


continuous sight azimuth data recorded for the whole trial. 
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With sights boresighted to the main gun, CDEC was able to 
instrument the observer tanks to record the tube azimuth. 
In the observer stationary trials, the tank azimuths were 
recorded every .25 seconds of each 600 second trial. A 
decision was made by TRASANA that, to satisfy their anal- 
ysis, only one azZimuth recording per second would be 
retained. Of more impact was that azimuth instrumentation 
for the TOW observers was not feasible [Ref. ily p. D=e 
Therefore, all TOW data had to be deleted from this anal- 
ysis. This dropped the number of observer/trials from 864 
(144 trials x 6 observers) to 576. These first two data 
restrictions alone have forced deletion of two thirds of the 
data. 

Approximately 14 percent of all observer/trials had to 
be deleted because of lack of tube azimuth data. In mM@mis 
cases, this was due to instrumentation problems with one of 
the observers. Some trials, however, were totally without 
aZimuth. The number of stationary observer/trials was 
dropped from 576 to 492. 

There was another area where the sight azimuth require- 
ment caused data deletions. One percent of the observer/ 
trials were deleted because of unknown TC search mode 
(sight/unaided visual) when the tank hatch was open. There 
was no way to tell if the TC was using the sight or 
searching out his hatch. Also, in the rare cases where the 
observer's hatch was open, and the TC was standing in the 
hatch searching for targets (either unaided or with binocu- 
lars), and the crewmember calling the detection was the TC, 
then that engagement was deleted. In that case, there was 
no way to Know in what azimuth he was looking (much less his 
FOV). 


D. ACURACY OF THE DATA 
Fortunately for this analysis, accuracy in the obser- 


ver's FOV was considered important for the Thermal Pinpoint 
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Test. Significant effort was made in insuring sights were 
correctly boresighted, and remained so during the trial. 
The same was true of insuring the calibration of the Gun 
Azimuth System (GAS) to within .5 degrees. The GAS is the 


system that recorded the tank tube azimuth. [Ref. 1: 
p. H=-20] 
Assuming observer-target line of sight existed, and 


assuming the observer crew could detect a target just as 
well anywhere within its FOV, any target falling within half 
a FOV of the sight azimuth was detectable. In the course of 


preparing the computer programs to compute FOVDET, this 
author noticed several instances where a target was 
detected , yet no time within FOV had accumulated. This 
obviously indicated error somewhere. Further investigation 


uncovered there were significant differences between the OT 
azimuth and the azimuth at detect time. 

Intuitively, the distribution of detected target loca- 
tions within the observer's sight at detect time should 
center around zero (sight pointed directly at the target),ie 
the expected value E[OT azimuth - detect azimuth] = O. liga 
about 75 percent of the detections, this proved to be the 
case. Those were roughly normally distributed with a stan- 
dard deviation of about one degree. However, 15 percent of 
detections occurred outside the FOV. The azimuth errors 
(difference between OT azimuth and detect azimuth) were of 
three types: spikes, azimuth bias, and random error. The 
cause of each type and its possible correction is discussed 
below. 

Spikes were sudden jumps where the turret azimuth was 


recording good azimuths, then supposedly shifted 100 or more 


degrees in one second, and then back to normal the next 
second. It is obviously impossible for a tank turret to do 
elias. The spikes were probably caused by surges in the 
power source, or from dust in the environment. No 


Zo 


correction was made of these extreme spikes because their 
relative frequency was so small--approximately .1 percent of 
the azimuths. These spikes didy atrecrc the FOVDET 
computation, but only by two or three seconds and only ina 
small number of trials. Had they been signicant, a simple 
smoothing technique could have been applied to the azimuth 
data. 

Observer bias was defined as azimuth errors consistently 
positive or consistently negative for an observer over the 
whole trial. These errors were very likely caused bya 
minor inaccuracy in the calibration of the turret priorige 
trial start. The apparent biases were corrected by adding 
or subtracting an appropriate amount so that the differences 
centered around zero. Approximately 9 percent of the 
observer azimuths were corrected, most by .5 degrees and 
none more than 1.5 degrees. 

Random differences between OT azimuth and detect azimuth 
of more than half FOV were not correctable. About ten 
percent of the azimuths of these random errors were over 
half the FOV. The larger deviations might be explained by 
incorrect target identification--especially where laser 
pairing did not occur between the observer and the target. 
In the Test, a coded laser Signal was sent out when each 
observer pressed the trigger to fire. If the laser beam hit 
a laser sensing device on the target, then the identifica- 
tions of both firer and target were recorded, as well as the 
time. This is laser pairing. It is considered the fastest, 
most accurate, and most preferred method of target identifi- 
cation: If a target detection was claimed by the observer 
but was not substantiated by laser pairing, then post-test 
determination had to be made of the identification of the 
target of intent. In these cases, CDEC analysts attempted 
to reconstruct the trial by viewing video (from a camera 


that was tube boresighted next to the sight), listening to 
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recorded crew conversations, and checking the azimuth 
record. If target identification was not possible, then the 
detected target was designated "unknown" [Ref. 1: pp. 
A2-3,A2=-4]. About 57 percent of all detections were thus 
designated by CDEC. It is very possible that, upon recon- 
Seruction, the wrong target was identified in ambiguous 
cases. In this analysis we are looking only at detections 
of known targets, Duc the FOVDET calculation uses all the 
observer's scan azimuths in atrial. Thus, after the FOVDET 
calculations were made, all "unknown" target engagements 


were deleted. 


E. COMPUTER PROGRAMS 
Five computer programs were written in SAS to convert 


the raw data into usable data sets and to compute the perti- 


nent variables. The Statistical Analysis System (SAS) is a 
very powerful language and statistical package. Both the 
SAS users guides "Basics" and "Statistics" were extremely 


useful during the months of programming for this analysis. 
The raw data used in this analysis were located in the 
computer's mass storage at The Naval Postgraduate School. 
Separate raw data files existed for the data for each 
primary design factor: trial time of day (morning, day, 
evening, and night), and observer motion status (stationary 
and moving). The SAS programs were designed to operate on 
one of these files at a time. [Refs. 5,6] 
The five programs appear in the appendixes and are 
briefly described below: 
PmoowaalMlest, the simplest of the programs, accessess the 
MMW Eataaeh of the 00 second trials.“ ™=™° 


Zz. FOVALL computes a 600 element vector of FOVs for each 
observer. 


Sa OLAG computes the observer-target azimuth and range, 
and orders the targets from left to right. 


4. DETECTALL reads all the trial, observer, target, and 


environmental factors and prints them in readable 
format. 
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TIMINFOV is the workhorse program. . It reads the SAS 
data sets created by the four previous pase ae and 


computes, among other values, DEIDET, SEA Ee and 
FOVDET. It produces most of the histograms used in 
this study. The tables of correlation coefficients 
and other statistics were also produced by this 
program. Also computed was another value of 
interest--the number of times the target came into the 
observers FOV until detection. Obviously a close 


companion to the time in FOV, this holds a potential 
for future analyses. 
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Ive ALYSIS 


A. ASSUMPTIONS 

With the exception of the biased observer azimuth data, 
which was corrected, the assumption is made that the Thermal 
Pinpoint data provided by CDEC was accurate. The majority 
of the analysis was done with pooled data, to understand 
detection as a whole, not to test the affect of each factor. 
As a result, sample size was sufficient, except where noted, 


to minimize the the effect of the minor inaccuracies found. 


B. GEOMETRIC DISTRIBUTION OF TARGETS 
In the Thermal Pinpoint Test, an artificiality existed 
at the beginning of each trial. In order to keep observers 
from viewing the search area ahead of trial start, test 
controllers insured that each observer's tube (and sight) 
was pointed to the left, well outside of the assigned search 
sector. This orientation ranged from 2 to 65 degrees to the 
left of the search area, but over 60 percent of the time, 
the offset was between 20 and 30 degrees. While solving the 
one problem, this offset created the artificiality that all 
observers had to traverse right before starting their search 
for targets. 
1. Distribution of First Detections 
This leads one to wonder if the left-most target 
would have a higher incidence of being the first target 
detected. So the target detections were sorted by OT 
azamuth (left to right). Position is defined here, not as 
X,Y positions, but as the relative position (left to right) 
from the observer's point of view. Figure 4.1 shows the 
distribution of the first target detected in each observer/ 
Gaal fOr positions 1 through J. The left-most target was 
the first target detected 35 percent of the time. Also, 
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Figure 4.1 Distribution of First Detects by Position 


percent of the first detections were in the four left-most 
targets. The graph shows the dramatic affect the pretrial 
aZimuth orientation had on target detection. This is seen 
by this author as a flaw in the test design because relative 
target location was not a design consideration. It as 


likely that none of the target factors were evenly distrib- 


uted by positon, Only target factor was checked in this 
analysis--target type. Figure 4.2 shows the relative 
distribution of target types by position. The different 


shades show the percentage of time each target type occurred 
at the positions 1 @enzoewan 3 No target type was even 
remotely uniformly distributed. 

Returning to Figure 4.1, it also shows the percent 
of all target detections at each position. The dotted line 


indicates that, despite the skewness of first detections, 
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Figure 4.2 
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Se Mean Times To Detect 

An easier way to determine trends for these posi- 
tions is to look at the plot of mean times to detect. 
Figure 4.6 shows FOVDET mean times to detect, the standard 
deviation, and the standard deviation of the mean. This 
graph indicates shorter time within FOV until detection for 
the targets located at either extreme. This is intuitively 
pleasing because the observer spends less time searching the 
extremes than he does the center. To better understand this 
discovery, observer search behavior was studied. A discus- 
sion of the behavior is presented in the next’ section. 
Figure 4.7 shows the mean times to detect for both DETDET 
and SEARCHDET. 
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Figure 4.6 Mean Time Detect Each Target by Position 
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Figure 4.7 Mean Time Detect Each Target by Position 
DETDET and SEARCHDET 


ihm 1S Pebvious that in the Thermal Pinpoint Test, 
these two times were strongly related. The average 
separation of mean time between the two methods is 15 
seconds. Recall the difference between DETDET and SEARCHDET 
is the interval between target detection and starting to 
search for the next target. In the Thermal Pinpoint Test, 
the average period to recognize, aim, and fire were almost 
constant. Because no actual rounds were fired by the 
observers, no casualty assessment was made. In a real 
combat situation, it is expected this period would vary 
considerably. After firing, assessing damage done to the 
target might indicate to the firer that he needs to fire 
again. Reengagements would Significantly expand the 
difference between DETDET and SEARCHDET. 
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C. OBSERVER SCAN BEHAVIOR 

To understand the detection phenomenon, the observer 
scan behavior must also be studied. If an observer spends 
most of his time searching outside the target area, this 
will skew the times to detection. An analysis of the 
observer sight azimuth data showed scan behavior had some 
interesting patterns, as described below. Figures 4.8 and 
4.9 depict the scan patterns of the four tank observers from 
two randomly selected day trials. 

The pretrial azimuth orientation discussed above was 
briefly studied for its affect. Observers averaged 10 
seconds to traverse right to the assigned search area from 
their trial start azimuth. The first ten seconds of each 
trial were left off the graphs to give them higher resolu- 
E2On: Between the two horizontal lines in Figures 4.8 and 
4.9, all nine stationary targets were located. This "target 
band" averaged 10 degrees in azimuth width for the different 
trials. The pair of consistently spaced jagged lines indi- 
cate the sight azimuth + half the FOV. The periods where 
the jagged lines are horizontal for several seconds normally 
indicates target detection. Theoretically, these detections 
should all be within the target band. In those cases where 
the apparent detection occurs with the FOV completely 


outside the band, the observer was detecting false or 
unknown targets. Where the FOV remains for long periods 
outside the target band, this could have been due to 
observer disorientation. When a FOV is aS narrow as 2.5 


degrees, it is very easy for the observer to lose a sense of 
direction and forget where the area of interest lies. 

An interesting phenomenon can be seen in some of the 
patterns. Between 200 and 300 seconds into the trial, many 
observers began broad back-and-forth scanning of the search 
sector. The reason for this 1s conjecture, but they may 
have thought they had detected all the targets. Actually, 
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Figure 4. 8b Observer Scan Behavior, Trial DSOOZ (Continued) 
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in only .5 percent of the trials did an observer detect all 
ten targets (including the moving one). Between broad 
scanning and search disorientation, the long periods spent 
outside the target band help to explain some of the high 
times to detection seen later in this chapter. 

From the graphs of scan behavior, it is apparent the 
impact of FOV size had on computing the target's time within 
FOV. The Thermal Pinpoint data indicated the observers with 
thermal sights preferred the narrow FOV over the wide FOV. 
Recall that at any time, the observer crew could change 
between narrow and wide. Observers used the narrow FOV (2.5 
degrees) some 82 percent of the time. 

Figures 4.10 and 4.11 show histograms of the scan 
behavior for the same two trials. They picture the same 
aaamuth Gata in a different way, allowing,»the reader to see 
how the azimuths were distributed. In the histograms, the 
black inverted triangles indicate the left-emost and right- 
most target azimuths. Observer scan behavior varied widely, 
as a function of personal scanning techniques. Most tended 
to roughly approximate the normal distribution with the mean 


at center of mass of the targets. 


D. CHRONOLOGICAL SEQUENCE OF TARGET DETECTIONS 

The vast majority of Army high resolution combat models 
use the NVEOL search model. That model treats detection of 
the first target independently from the second, which is 
treated independently from the next. The model classifies a 
detection in one of two categories: Single target or 
multiple targets. The multiple targets are handled as one, 
with mean time detect much shorter than for the single 
targets [Ref. 4: | Sea es let This chronological ordering of 
detections of several targets is a complex phenomenon and a 
primary subject of this analysis. fnothe next portion of 
the analysis, we try to determine if it is reasonable to 
assume, as most combat mocels do, that detecting one target 


is independent from detecting the next target. 
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ily Distribution of Times to Detect 





The target detections in the data base were sorted 


chronologically by detect time. Figures 4.12, 4.13, and 
4.14 show the detect time distributions for FOVDE@ 
SEARCHDET, and DETDET respectively. Like the geometrically 


ordered targets, the detection times for all three defini- 
tions appear exponential. Because so few observers detected 
all nine stationary targets, the histograms showing times to 
detect the ninth target were omitted. Recall 35 percent of 
the first targets detected were the left-most target, 
because that was the one the observer's FOV first came 
across as he scanned right. Also remember the average time 
required just to reach the assigned search area was 10 
seconds. So we would expect to see slightly longer times to 
Getect sehat s£i1rst. target: The effect can be seen in both 
SEARCHDET and DETDET distributions. FOVDET does not demon- 
strate this. In fact, 1t indicates the opposite, because 
FOVDET does not count the time spent searching with the 
Sight pointed away from the target. FOVDET times were 
noticeably shorter for the first target compared to subse- 
quent detections of other targets. 
Z. Mean Time to Detect 

In Figure 4.15,the mean FOVDET times indicate 
linearity by target sequence, an interesting pattern. The 
observer scanned the search area back and forth, passing 
over the harder-to-find targets, detecting the easier ones. 
Meanwhile, FOV "clocks" accumulated FOV time for all of the 


undetected targets. As seen in Figure 4.15, the eighth 
target detected was likely the hardest of the targets to 
find, and accumulated the longest time within FOV. Compare 


this linearity to the plots of the means for the other two 


definitions. 
The mean time to detect using SEARCHDET and DETDET 
methods are shown in Figure 4.16. The first target shows 
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Figure 4.14b Distribution of Times to Detect Targets 
Sorted Chronologically - DETDET (Continued) 


the higher time forced by the pretrial azimuth orientation. 
The targets were relatively close together in OT azimuth, so 
after the observer detected the first target, his sight was 
near in azimuth to the other targets in the area. Thus his 
time to detect the second target was less. It appears this 


proximity to the other targets had diminishing affect as the 


Mmetecs GOt Cougher and™tougher to detect. Past the first 
four targets, figure shows that the relationship between 
mean times to detect and target sequence is decidedly 
nonlinear. 

Bee Hutcocorrelation 


Figures 4.15 and 4.16 indicate a likely time rela- 
Eeensnhip, or autocorrelation. Each pairwise combination of 
times to detection was checked for correlation. The 
Pearson's product moment correlation coefficient was 


computed using the formula: 
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Figure 4.15 Mean Time To Detect Each Target (Chronologically) 
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where X and Y are pairwise comparisons of times to detect, 
and X and Y are the sample means [Ref. 7: p. 251]. 

tables, tiv Ais and IV show the result of these pairwise 
correlations for FOVDET, SEARCHDET, and DETDET respective 
Also shown are the significance level for a test of 
Ho: P = QO, and the sample size N. 

Table II shows that for FOVDET, ris generally 
highest for adjacent pairs, and tends to gradually decline 
as the separation in sequence is greater. We can see the 
time dependence between the first detection and the second, 


and between the second and the third, and so on. Thus 
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Figure 4.16 Mean Time To Detect Each Target (Chronologically) 
DETDET and SEARCHDET 


there appears to be lag one autocorrelation for FOVDET. A 
brief look at Tables III and IV indicate SEARCHDET and 
DETDET do not follow this correlation pattern. The eratic 


behavior of r for the latter two measures of times to detect 
leads one to conclude there is little consistent time series 
correlation with SEARCHDET and DETDET. 


BeeODERL FOR FOVDET 

A mathematical model was developed, in an attempt to 
better understand this interesting behavior of mean times in 
FOV as shown in Figure 4.15, and to understand the observed 
correlations shown in Table II. Professor Barr and Ross 
[Ref. 8: pp. 47,48], were of great help in this’ model. 
Consider targets in order of detection, and let T be the 
time within FOV until detection of the ith target (FOVDET ). 


By 5) 


TAB BEE 
CORRELATION COEFFICIENTS HOR @ EO 2a 


{R| UNDER HO: RHO=0 / NUMBER OF OBSERVATIONS 


CORRELATION COEFFICIENTS / PROB > 


FOVDETS8 


FOVDET3 FOVDET4 FOVDETS FOVDET6 FOVDET7 


FOVDET2 


FOVDET1 


FOVDET1 


0. 0000 
she, 


FOVDET2 


0. 0000 
149 


FOVDET3 


OO 


1.00000 0.7 
0. 0000 


46 
Ol 
28 


FOVDET4 


FOVDETS 


0. OOOO 
61 


FOVDET6 


40050 
On 48s 


22 


1.00000 0. 
0. 0000 


FOVDET?7 


FOVDET8 


TABLE III 
CORRELATION COEFFICIENTS OR Siac wavat 


UNDER HO: RHO=O / NUMBER OF OBSERVATIONS 


CORRELATION COEFFICIENTS / PROB > {R] 


SRCHDT7 SRCHDTS8 


SRCHDT6 


SRCHDT3 SRCHDT4 SRCHDTS5 


SRCHDT2 


SRCHDT1 


SRCHOTI 


Ort 


ane 
0.9 


1.00000. 0. 
0. OOOO 
159 


78 
89 
ao 


SRCHDT2 


0. 0000 
149 


SRCHDTS3 


1.00000 2: 
0. 0000 
12s 


7 
3 
8 


MON 


SRCHDT4 


SRCHDT5 


0. 0000 
ex 


£94 


1. 00000 
0. 0000 


-O. 


SREHDT? 


SRCHDT8 


FOV 


the last target (i-1) 


be the time in FOV accumulated by target 


be the time in 


tetruc 


INGOs CWompabis. 
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that target 
detection. 
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TABLE IV 
CORRELATION COEFFICIENTS FOR DETDET 


CORRELATION COEFFICIENTS / PROB > {R| UNDER HO: RHO=O0 / NUMBER OF OBSERVATIONS 
DEIDET! DEITDE@2° DETDET3 DETDET4 DETDETS DETDET6 DETDET7 DETIDETS 


DETDET1 TeOUGOOm Cece?) 13500222093 0.11275. 0.29122 0.03837 =0,022668 0.62020 
0. OOOO 0. 0007 0. 0068 0.2051 0. 0028 0. 7691 O29e19 0.0748 

161 Sh) 149 128 163 61 ai 9 

DETDET2 Om200 log) sOO0CO 6. 26499 0.27132 "0.47458 0.05585 0.27645 =0. 05327 
0. 0007 0. 0000 Oo, 0011 0.0019 020778 6.6690 0.1256 OF 59 )7 

152 Ie, 149 128 103 61 a2 9 

DETDET3 0.22093 0.26499 1.00000 0.24875 0.26432 0.25086 0.12404 0.08058 
0. 0068 0. 0077 0. 0000 0. 0046 0.0070 0. OS 12 0. 4988 0. B367 

149 149 149 128 103 [Sal 32 9 

DETDET4 Ome? > .0.27132 0224875 1200000. 0.19479 0.06535 =-0.02111 <0. 18663 
05 2051 0.0019 0. 0046 0. 0000 0. 0486 0.6168 OP 0S? 0. 6307 

128 128 128 128 103 61 a2 i] 

DETDETS 0.29122 0.17458 0.26432 0.19479 1.00000 0.10821 0.25241 <0. 28432 
0. 0028 0.0778 6.0070 0.0486 0000 0. 4065 0.1634 0. 4584 

103 tG3 103 103 103 61 JL 2 

DETDET6 On036S7 =e onO558> 0.25086 ~O206535 (0.10821 2200000 0.19402 -0. 29084 
O27 7691 0. 6690 0, 0512 0.6168 0. 4065 0. 0000 0. 2873 0. 4477 

61 61 61 61 61 61 0% 9 

DETDET7 <-0.02268 0.27645 0.12404 -0.02111 0.25241 0.19402 1.00000 -0. 34845 
oO, 3019 62.1256 0. 4988 Oeg087 0.1634 O52673 0. OOOO Oy so61 

a2 a2 32 32 a 32 a2 =| 

DETDET8& 0.62020 -0.05327 0.08058 -0.18663 -0.28432 -0.29084 -0.34845 1.00000 
eae ee Cees eoeee poor. ous28 5 mes ee cape 0. OOOO 


i since the last detection. Finally, let t: be the observed 
outcome on T;, that is the accumulated time in FOV until 
target iis detected. Thus, we have 


ie — Us +V; (eqn 4.1) 


Eeeecrtinition, U,= O and so T,= V,. For this simple model, 
assume that V.~ exp( ') and Ui~ exp( A/ Et; ), given rt, 
seconds were utilized in detecting the first i-l targets 
mere ©, = tm, T,= t.,...,Teo,= ter). Also assume the V;s are 
independent, and V. and U; are independent of each other for 
ee 6. For the sake of ease of reading, we will let 
a=1/)', andbe=l1/\. Now 


eT, | 2 A 
Bed > | — E,,(E(T, |T,)] 
E7,tT, b + a] 
BEV} + oa: 


Given T,= t, and T,= t,, then T,;= U,+ V;, where 


U;~exp|(1/(t,+ t,)b|, V3; ~~exp(l1/a), and U; and V, 


PS. 


are independent. Now 


ELT |V = € (Vo = t |) = bCGe came 
El De Ee ib( 1 eae) eas 
(SOV Bye ome eer 


In general, for 1i>l, 


II 


E[T ] = [E(V ) + E(V ) +...+% ECV )lb + = (eqn 4.2) 


If k is the target sequence number, V ,V ,...V have common 
mean a. It follows that 


E(V ] = (k-1l)ab + a = k(ab) + a(l-b), (eqn 4.3) 
a Linear function ane k. 


To give a rough idea of how the model fits the data, a 


least squares line was fit to the mean times to detect in 


Pigure 4.015. The resulting equation was y = 7.63k + .86, 
with an r value of .98. Substituting back into equation 
4.3, we get a = 8.49 and b= .90. E{[U ] =b t, and t is 
estimated to be 9 from Figure 4.15. Thus E{U ] = 8.1, 
E[V ] =a = 8.49, and so E[T ] = 16.6. This is consistent 


with the estimate of the mean for the second target shown in 
Figure 4.15. 

Now we calculate the covariance of the time in FOV of 
the first two targets detected, T , and T. By definvelom 


Covi T ,T } =ET T )=Etr ) Sie (eqn 4.4) 


Solving the two parts separately, we have 


EITT] =E(E(TT {T=t)] =E {t E(T Jt )] 
= E |T (T bta)| = bE[T2] + aE(T ] 
= b(2a2) + a2 = a2(2b+1), and 

E[T JE[T ] = afa(btl)[{ = a*(bt1). 


The covariance of T andtT is then 
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Cov[T ,T ] = a2(2b+1l) - a2(b+l) = a2(b) > O (eqn 4.5) 


In a similar way, Var(T ) and Var(T ) are computed to be a? 
and a*(2b*+b+1l), respectively. Thus 


[T ,T ] = (a*b)/(aVar[T ]) = (at*b)/ ala 2b*+b+1| 

[T ,T ] =b/ 2b*+bt+l (eqn 4.6) 
which interestingly, does not depend on a. For our data 
with b = .90, ae! W. = 246. In Table II however, the 
correlation between the first two targets is .73. This 


indicates this simple model gives roughly approximate 


results, but further model refinement might prove more 
acurate. It is interesting to note that equation 4.6 
assymptotes at l/ 2 = .707 for high values of b. 


Even though this is a very simple model, it appears to 
explain some major features of time in FOV we have observed. 
It would be possible to expand this simple model to accomo- 
date different parameters for the distributions of the V , 
to model varying difficulties of detecting the various 
targets. The assumption of exponential distributions for 


Vs could also be examined. 


Sie) 


V. CONCLUSIONS AND RECOMMENDATIONS 


In this analysis, we studied multiple target detections 
in some uncommon ways. We computed the time in FOV until 
detection and we compared this with the two widely used 
definitions of time to detection--interdetection times, and 
search time to detection. We studied patterns in the geome- 
tric ordering of targets. We looked at scan behavior and 
the observer's FOV related to target locations. Finally, we 
saw the effects of chronological ordering of targets, and 


how time series correlation affects the method FOVDET. 


A. GEOMETRIC PERSPECTIVE 

Studying detections from the observer-target geometry 
perspective gave an interesting view of the data. The deci- 
sion to orient observer sights to the left prior to each 
trial forced a significant bias into the detection data. 
This was most noticeable when looking at the distribution of 
first detections by relative target position. In 35 percent 
of the observer/trials, the first target detected was the 
left-most target, and 75 percent of the first detections 
were in the left four targets. Relative target location was 
not a controlled factor in the test, so uneven distribution 
of target factors was very likely. In the only target 
factor checked in this analysis--target type--it was found 
quite unevenly distributed. The impact of this bias on test 
results is probably not severe in this study because we 
looked only at pooled data. It is recommended that an 
extension of this analysis be made to determine impact of 
the bias on the full factor studies done in the past on the 
Thermal Pinpoint Test. 

It 1s recommended that combat development tests of this 


type use an alternative method of preventing pretrial 
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viewing of the target area. If no suitable method is 
feasible, then relative target location should probably be 
made a controlled test design factor. 

Observer scan data showed some interesting results. Te 
displayed great differences in human observer scan behavior. 
It also indicated the effect of the Test's initial azimuth 
orientation. To provide greater insight into detections of 
multiple targets, further study is recommended into the 
effectiveness of various observer scan rates and search 


techniques. 


B. TIME WITHIN FIELD OF VIEW 

In this analysis the FOVDET computation was a mixed 
"success". To compute the time within FOV requires a 
substantial effort and uses large amounts of computer CPU 
time . and storage space. It is estimated that over 80 
percent of the time spent preparing this analysis was in 
writing the five SAS programs to compute the FOVDET values. 
With those programs listed in the appendixes, this effort 
should not have to be repeated by those wishing to use this 
measure in the future. The somewhat severe data require- 
ments to compute FOVDET forced us to delete over two thirds 
of the Thermal Pinpoint data. A test designed with these 
requirements in mind, of course, should not have this 
problem. 

While FOVDET has some disadvantages, it has compensating 
advantages. Any tool which enables one to further under- 
stand detection is of benefit. Over a sequence of targets, 
FOVDET gave an approximately linear mean time to detect, and 
resulted in consistent correlation behavior. This consis- 
tent and simple behavior was not exhibited by SEARCHDET or 
DETDET. A mathematical model was developed to help explain 
the behavior of mean time in FOV for detection of successive 
targets. It also models the autocorrelation involved. An 


extension of this model is recommended. 


og 


The time within FOV definition of detect time offers a 
fresh area for exploration into:‘the phenomenon of multiple 
target detections. It is recommended that further study be 
done using the FOVDET definition--especially toward applica- 
tion to combat modelling. 
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APPENDIX A 
AZIMTEST SAS PROGRAM 


//AZIMTEST JDB (14779999). *DUBOIS’ -CLASS=C 
//*®MAIN SYSTEM#SY2 »>CARDS=(200),LINES=(100) 
4/" 
//™ THIS PROGRAM CREATES A SAS DATA SET MSS.SIG77.AZIMTEST FROM TPDAZ. 
//* IT READS THE OBSERVER AZIMUTH RECDRDS AND ASSIGNS VARIABLE NAMES 
4/*" FOR USE IN THE PROGRAM TIMINFOV. 
f/m 
// EXEC SAS VS.REGION2=II20K 
//WORK DD SPACE=(CYL.(B.B)) 
//DATAOUT DD UNIT=3330V-MSVGP=PUBGB,DISP=(OLD-KEEP). 
// DSNAME=MSS .S14677.AZIMTEST 
//DATAINI DD DISP=SHR»DSNAME=MSS .F1742.TPDAZ 
//SYSIN DD & 
OPTIONS LINESIZE = [32 PAGESIZE=603 
DATA DNE; 
INFILE DATAINI? 
ARRAY AZ (1) AZI+AZ6003 
INPUT FLAGI $ I-S FLAG2 $ 7-I0 923 


IF (SUBSTR(FLAGI.»I.I) NE °D*) OR (FLAG2 « ' +) THEN DELETE: 
ELSE DO; 

INPUT IDTRIAL $ I-S IDOBS $ 7-10 AZI-AZIO; 

I=10; 


DD B=0 TD $2; 
DO C=I TO II: 
T=10 + BeII + C; 
INPUT AZ 2: 
END; 
INPUT; 
END: 
INPUT #55 AZS94—-42600; 
END: 
OO GO ae OF OO Bt OE OF OF OO OO OO OO OO at Oe OF OU OF OF OD OU OU OU OD mt OO mt OO OD OO OF OF ae OO ae tt OF it oe mt PDS 
®IF SUBSTRCIDTRIAL.~3.I1) NE °O* THEN DELETE; 
OO Ot OE OE OE OF OE OO OE OO OF OF OO BE OO OD OO OD Oe Oe it Ot Ot Ot Oe te te 
DATA TWO; 
RETAIN IDTRIAL IDOBS AZI-AzZ600; 
SET ONE: 
ARRAY AZ (1) AZ1-AZ600; 
auenweneee AZIMUTH CALIBRATION CORRECTION ##0nnunnnwns 
DO I = I TO 600; 
IF AZ=20 THEN AZ=.3 
IF IDTRIAL="DSO0O01° AND IDOBS='FTT2’ THEN AZ=AZ-1;3 
IF IDTRIAL='DSO03° AND IDOBS=’°FTO3" THEN AZ=AZ+1.5; 
IF IDTRIAL=*DSO30* AND IDOBS="FTO3* THEN AZ=AZ*I; 
IF IDTRIAL='DSOGB’ AND IDOBS="FTOL' THEN AZzAZ-.5: 
IF IDTRIAL=°DSO50° AND IDOBS='FTOI® THEN AZ=AZ-.5;3 
IF IDTRIAL="DS060° AND IDOBS=*FTO3° THEN AZ=AZ-2; 
IF IDTRIAL='DSO6I° AND IDOBS="FTO3° THEN AZ=AZ*I; 
IF IDTRIAL='DSI77° AND IDOBS='FTT3° THEN AZ=AZ-.583 
IF IDTRIAL='DSI7B* AND IDDBS='FTTI® THEN AZ=AZ*.5;3 
IF IDTRIAL=*DSI79° AND IDDBS=*FTT3° THEN AZ=AZ-.5; 
IF IDTRIAL=’DSI946° AND IDDBS=*FTO3° THEN AZ=AZ-1; 
IF IDTRIAL='DSI96° AND IDDBS=°FTO3* THEN AZ=AZ-1.5; 
IF IDTRIAL=*DS254° AND IDOBS="FT02' THEN AZ=AZ-.3; 
IF IDTRIAL="°DS255° AND IDOBS="FTTI* THEN AZ=sAZ-.5; 
IF IDTRIAL='DS267° AND IDOBS='FTO3° THEN AZ=AZ*.53 
IF IDTRIAL='DS276' AND IDOBS="FT03' THEN AZ=AZ*1; 


cnnnnnennnee END CORRECTION at ot ot ot ot ot ot ot ot oe 00 Ot 00 00 Ot at On Ot an Ot Ot Ot Ot OE Ot 
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PAGE 


END: 

PROC SORT: 

BY IDTRIAL IDOBS;: 
LER E PERE R EERE ERE EO 
DATA DATAOQUT.AZIMTEST: 

SET TWO; 
#=PROC PRINT; 
» VAR IDTRIAL IDOBS AZ1-Az600; 
S TTITEE YAZIMNIEST CESiInG = 
* TITLE2 'AZ1-AZ600 FOR TPDS TRIALS': 
tated teeth edetetetetete tele tetetetatehell | 
*DATA -NULL_; 
* SET THREE: 
* FILE PUNCH; 
* PUT IDTRIAL IDOBS AZ1i-AzZ600; 
#RUN; 
/" 
LE 


ae 
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APPENDIX B 
OTAZ SAS PROGRAM 


S/QTAZ JOB (1477,9999},’DUBOIS' »,CLASS#B 
S/*®MAIN SYSTEM=SY2,CARDS2=(100) 
4/4 
4/" TMIS PROGRAM COMPUTES TME ACTUAL OBSERVER-TO-—TARGET AZIMUTMS AND 
4/" RANGES FROM EACM OF TME FOUR OBSERVERS TO EACH OF TME TEN TARGETS. 
4/*" TME INFORMATION COMES FROM THE HEADER RECORDS IN MSS.F17462.TPDS. 
4/™ 
4/ EXEC SAS,REGION=12600K 
//WORK DD SPACE=(CYL,(8.B}} 
//DATAIN DD DISP=SHR »-DSNAME=MSS.F1762.TPDS 
//DATAOUT DD DISP=(OLD.KEEP}»DSNAME=MSS .$14677 .OTAZ 
//SYSIN DD *® 
OPTIONS LINESIZE 2132 PAGESIZE260; 
LEEPER EERE EERE RR 
DATA ONE; 
INFILE DATAIN; 
LER EERE RRR RRR 
INPUT RECTYPE $ 1 TRLFLAG $ 2-6 @; 
IF RECTYPE NE ‘'M’ TMEN DELETE; 
» IF TRLFLAG NE °DS021° AND TRLFLAG NE 'DSO2B’ TMEN DELETE: 
IF RECTYPE = °M’* THEN DO; 
INPUT #1 IDTRIAL $ 2-6 
IDOBS1 $ 21-246 XOBS1] 3B-462 YOBS] 43-47 
IDOBS2 $ 6B-5S1 XOBS2 65-69 YOBS2 70-76 
IDOBS3 $ 75-7B 
#2 XOBS3 146-1B YOBS3 19-25 
IDOBSS $ 246-27 XOBS¢ 41-45 YOBS4 46-50 
*G LIGMTLVL 11-16 
IDTGTI $ 17-20 XTGT2 462-46 YTGT1 47-51 
TMPCNT1] 21-26 VISCNT} 27-32 CONDIT} $ 33-35 
IDTGT2 $ S2-55 
TMPCNT2 56-61 VISCNT2 62-67 CONDIT2 $ 6B-70 
25 xXTGT2 1-5 YTGT2 6-10 
IDTGT3 $ 11-14 XTGT3 36-60 YTGT3 41-45 
TMPCNTS 125-20 VISCNT3 21-26 CONDITS $ 27-29 
TMPCNTS §$0-85 VISCNTG 56-61 CONDITS $ 62-64 
IDTGTS $ 66-49 XTGTS 71-75 YTGTS 76-B0 
26 TMPCNTS 5-10 VISCNTS 11-16 CONDITS $ 17-19 
IDTGTS $ 1-46 XTGTS 26-30 YTGTS 31-35 
TMPCNT6 G0-45 VISCNT6 46-51 CONDIT6 $ 52-56 
IDTGT6 $ 36-39 XTGT6 61-65 YTGT6 66-70 
IDTIGT? $ 71-76 
TMPCNT7 75-80 
27 VISCNT7 1-6 CONDIT? $ 7-9 
TMPCNTB 30-385 VISCNTB 36-41 CONDITB $ 62-44 
TMPCNT9S 65-70 VISCNT9 71-76 CONDIT9 $ 77-79 
XTGT7 16-20 YTGT? 21-25 
IDTGTB $ 26-29 XTGTB $1-55 YTGTB §$6-60 
IDTGT9 $ 61-66 
2B XTGT9 7-11 YTGT9 12-16 
TMPCNT1O 21-26 VISCNT10 27-32 CONDITIO $ 33-35 
IDTGT10 $ 17-20 XTGT10 42-46 YTGTI1O 47-51 
89; 
END; 
ARRAY BOTAZ (H) BOTAZ1~BOTAZ40; 
ARRAY RNGE (M) RNGE]1-RNGESGO: 
ARRAY IDOBS (1) $ IDOBS1-IDOBS4; 
ARRAY YOBS (J) YOBS1-YOBS4:; 
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ARRAY XOBS (J) XOBS1-x08S¢; 
ARRAY IDTGT (K) $ IDTGTI-IDTGTIO; 
ARRAY YTGT (LL) YTGT1-YTGT1O; 
ARRAY XTGT (L) XTGT1-XTGT10O; 


cununmcwee FOR EACH TRIAL BRR RRR RR 


DOP ee. le ORG: 


DO L = 1 TO 10; 
H = (J-1)810 * Ls 
IF (XOBS = 99999) OR (YO8S = 99999) OR (XTGT 
(YTGT = 99999) THEN DO; 
BOTAZ = .3 RNGE®.3 
GO TO Q3 
END; 
IF (XOBS = 88888) OR (YOBS = 8B88B) OR (XTGT 
(YTGT = 88888) THEN Do: 
BOTAZ = .; RNGE =.3 
GO TO Q; 
END; 
A = (YTGT = YOBS)/(XTGT = XOBS); 
IF 
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99999) OR 


BBBBB) OR 


XTGT GE XOBS THEN BOTAZ=ROUND (90-(ATAN(A)#1B80/3.1461593)..01);3 


IF XTGT LT XOBS THEN BOTAZ=ROUND (270=(ATAN(A)#1B0/3.161593)..01); 


RNGE = ROUND(SQRT((XOBS-XTGT )#e2 + 
Q: END; 
END: 
RERUN 
DATA TWO; 
Sel. ONE: 


ARRAY BOTAZ (H) BOTAZ1-BOTA240; 
ARRAY RNGE (H) RNGEI-RNGEGO; 
ARRAY OTA2 (M) OTAZ1-OTAZ10: 
ARRAY RANGE (M) RANGE1-RANGE 10; 
IDOBS=IDOBS1; 
DO H=1 TO I0; 
M=H; 
OTAZ=BOTAZ; 
RANGE =RNGE; 
END; 
LE hhh deeded adel etel ated etetetetetetetetel delete 
DATA THREE; 
SET ONE; 
ARRAY 8BOTAZ (H) 80TAZ1-80TAZG0; 
ARRAY RNGE (H) RNGEI1=-RNGEGO; 
ARRAY OTAZ (M) OTAZ1=OTAZIO; 
ARRAY RANGE (M) RANGEI]-RANGE1O; 
IDOBS=IDOBS2: 
DO H=11 TO 20 
M=H-10; 
OTAZ=BOTAZ: 
RANGE =RNGE 3 
END; 
LR Met Rete tet ated etel heleteketetetel ated tetetel tele tetetelel elt) 
DATA FOUR; 
SET ONE; 
ARRAY BOTAZ (H) 8OTAZ1-BOTAZG03 
ARRAY RNGE (H) RNGEI-RNGEGO; 
ARRAY OTAZ (M) OTAZ1-OTAZ10; 
ARRAY RANGE (M) RANGEI1-RANGEI1O; 
IDO8S=!DOBS3; 
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wth 


(YOBS-YTGT )""2)); 


A iat 
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DD H=21 TD 30; 
M=H- 20; 
DTAZ=BDTAZ; 
RANGE =RNGE ; 
END; 
06 OF On 4 OF ON OF OP on Od On en a: 
DATA FIVE; 
SET DNE; 
ARRAY BDTAZ (H) BDTAZ1-BDTAZ4G0; 
ARRAY RNGE (H) RNGEI-RNGEGO; 
ARRAY DTAZ (M) DTAZI-DTAZ10: 
ARRAY RANGE (M) RANGE1-RANGE1LO; 
IDDBS= IDDBS4; 
DD H=31 TD 40: 
MzH- 30; 
DTAZ=BDTAZ; 
RANGE =RNGE;; 
END; 
OF OF 04 ON OF 08 ON Om OF On ON 00 00 On ON On On 08 ON On ON On ON On OH On On ON On On On en mms 
DATA SIX; 
SET TWD THREE FDUR FIVE; 
DRDP BDTAZ1-BDTAZ40 RNGE1<-RNGESO XDBS1=-XDBS4 YDBSI-YDBS4 
XTGT1-XTGTIO YTGT1~YTGTIO; 
ARRAY VISCNT (1) VISCNTI-VISCNT10; 
ARRAY TMPCNT (1) TMPCNTI-TMPCNT10; 
IF LIGHTLVL=B.BBBB THEN LIGHTLVL=.:;: 
DD I=1 TD 190: 
IF VISCNT=999.99 THEN VISCNT=.;3 
IF TMPCNT=999.99 THEN TMPCNT=.3 
END; 
TO 
seeemnnemeee SORT VARIABLES BY DTAZ SHR BHR R RRR 
CHNGFLAG® 1; 
DD WHILE (CHNGFLAG=1):; 
CHNGFLAG #0; 
IF (DTAZ1 GT DTAZ2) THEN DD; 


DTAZ1A#DTAZ13 
IDTGTIASIDTGT1; 
RANGE IA=RANGE I; 
TMPCNT IA=TMPCNT 1; 
VISCNT1LA=VISCNT1; 
CDNDIT1LA=CDNDIT1; 
CHNGFLAG=1; END; 


IF (DTAZ2 GT DTAZ3) 


DTAZZA=DTAZ2; 
IDTGT2A=IDTGT2; 
RANGE2 As RANGE? ; 
TMPCNT2ASTMPCNT 2; 
VISCNT2A=VISCNT2; 
CONDIT2A=CDNDIT2; 
CHNGFLAG=1: END; 


IF (DTAZ3 GT DTAZG) 


DTAZ3A=DTAZ3; 
IDTGT3A=IDTGT3; 
RANGESA=RANGES ; 
TMPCNTSA=TMPCNT3; 
VISCNT3ASVISCNT3; 
CONDIT3A=CDNDIT33 


DTAZ1=DTAZ2; 
IDTGT1=IDTGT2; 
RANGE I =RANGE2; 
TMPCNTI=TMPCNT2; 
VISCNT1L=VISCNT2; 
CDNDITI=CDNDIT2; 


THEN DD; 
DTAZ2=DTAZ3; 
IDTGT2=IDTGT33 
RANGE2 =RANGE 3; 
TMPCNT2=TMPCNT3; 
VISCNT2=VISCNT3; 
CONDIT2=CDNDIT3; 


THEN DD; 
DTAZ3=DTAZG; 
IDTGT3=2IDTGT4; 
RANGE 3 =RANGEG; 
TMPCNT 3=TMPCNTG; 
VISCNT3=VISCNTG; 
CONDIT3=CDNDITG: 


DTAZ2eDTAZIA; 
IDTGT2=IDTGTIA; 
RANGE2=RANGETIA; 
TMPCNT2=TMPCNT IA; 
VISCNT2=VISCNTILA; 
CONDIT2=CDNDIT1A; 


DTAZ3eDTAZ2A: 
IDTGT3=IDTGT2A; 
RANGES #RANGE2A; 
TMPCNT3=TMPCNT2A; 
VISCNT3=VISCNT2A; 
CDNDIT3=CONDIT2A; 


DTAZG=EDTAZ3A; 
IDTGT4G=IDTGT3A; 
RANGEG =RANGE SA; 
TMPCNTG=TMPCNT 3A: 
VISCNTG=VISCNT3A; 
CONDIT4=CDNDIT3A; 
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CHNGFLAG=I; END; 


IF (OTAZG GT OTAZS) 


OTAZGASOTAZG; 
IDTGTGA=IDTGTS3 
RANGE GA=RANGEG ; 
TMPCNTGA=TMPCNTG; 
VISCNTGAZVISCNTG; 
CDNDITGA=CONOITS; 
CHNGFLAG=I; END; 


IF (OTAZS GT OTAZ6) 


OTAZSA=OTAZS;: 
IDTGTSA=IDTGTS;: 
RANGESA=RANGES ; 
TMPCNTSA=TMPCNTS3 
VISCNTSA=VISCNTS; 
CONDITSA=CONDITS; 
CHNGFLAG=I: END; 


THEN DD: 
OTAZG=SOTAZS:;: 
IDTGT4=IDTGTS; 
RANGEG =RANGES: 
TMPCNTG=TMPCNTS; 
VISCNTG=VISCNTS; 
CONDIT4=CONDITS; 


THEN DO; 
OTAZS=OTAZ6; 
IDTGTS=IDTGT6:;: 
RANGES =RANGE6 : 
TMPCNTS=TMPCNT63 
VISCNTS=VISCNT6: 
CONDITS=CONDIT6; 


IF (OTAZ6 GT OTAZ7) THEN DO: 


DTAZ6AzDTAZE; 
IDTGT6A=IDTGTE; 
RANGE6A=RANGEE ; 
TMPCNT6A=TMPCNT6; 
VISCNT6A=VISCNT6; 
CONDIT6A=CONDITE: 
CHNGFLAG=I; END; 


IF (OTAZ7 GT OTAZ8) 


OTAZ7A=O0TAZ7; 
IDTGT7A=IDTGT?7;: 
RANGE 7 A=RANGE?7 ; 
TMPCNT7A=TMPCNT7: 
VISCNT7A=SVISCNT73; 
CONDIT7A=CONOIT?7;: 
CHNGFLAG=I; END; 


IF (OTAZB GT OTAZ9) 


IF (OTAZ9 GT OTAZIO) 


OTAZBA=OTAZB; 
IOTGT8A=IDTGT8: 
RANGESA#RANGES ; 
TMP CNTSA=TMPCNT8; 
VISCNTSA#VISCNTB; 
CONDITSA=CONDITS: 
CHNGFLAG=I; END: 


OTAZ9A=OTAZ9; 
IDTGT9A=IDTGTY; 
RANGE 9A=RANGES: 
TMPCNT 9A=TMPCNT 93; 
VISCNT9A=SVISCNT9I; 
CONDI T9A=CONDITI; 
CHNGFLAG=I; END; 


END; 

RRR RUHR END OF 
ARRAY IDTGT (K) $ IDTGTI-IDTGT10; 
ARRAY POSITION (K) $ POSITNI-POSITNIO; 
ARRAY TGTYPE (K) $ TGTYPEI-TGTYPEIO; 


D=0; 


TK=0; 8-0; 


DO K=!] TO 10: 


IF (SU8STRCIDTGT.I.1}= 
IF (SU8BSTRCIDTGT.2.1)= 


OTAZ620TAZ7; 
IDTGT6=IDTGT7; 
RANGE 6 =RANGE 7? ; 
TMPCNT6=TMPCNT?7: 
VISCNT62VISCNT7; 
CONDIT6=CONDIT?7: 


THEN DO; 
OTAZ7=0TAZ8B;s 
IDTGT7=1DTGT8; 
RANGE 7 =RANGEB ; 
TMPCNT7=TMPCNT8; 
VISCNT7=VISCNT8; 
CONOIT7=CONOITS; 


THEN DO; 
OTAZB=OTAZI; 
IDTGT8=IDTGT9; 
RANGES =RANGEY + 
TMPCNTS=TMPCNT9; 
VISCNT8=VISCNT9; 
CONDITS8=CONDIT9: 


THEN DO; 
OTAZ92O0TAZIO; 
IDTGT9=IDTGTIO; 
RANGES =RANGE1LO; 


H=0; 


TMPCNT9=TMPCNT 105 
VISCNT9=VISCNTIO; 
CONDIT9=SCONDITIO; 


U=0; N=0; 


*T’) THEN DO; 
‘D’) THEN DO; 


66 


PAGE 4 


OTAZS5S=OTAZGA; 
IDTGTS=IDTGTGAS 
RANGES =RANGEGA; 
TMPCNTS=TMPCNTGA; 
VISCNTS=VISCNTGA; 
CONDITS=CONDITGA; 


OTAZ6=QTAZSA; 
IDTGT6=IDTGTSA; 
RANGE6 =RANGESA; 
TMPCNT6=TMPCNTSA; 
VISCNT62VISCNTSA; 
CONDIT6=CDNDITSA: 


OTAZ7=OTAZ6A; 
IDTGT7=IDTGT6A;s 
RANGE 7 =RANGE6A3; 
TMPCNT 7=TMPCNT6A3 
VISCNT7=VISCNT6A; 
CONDIT7=CONDIT6A; 


OTAZB=OTAZ7A3 
IDTGT8=IDTGT7A; 
RANGES =RANGE7A; 
TMPCNT8=TMPCNT 7A; 
VISCNT8S=VISCNT7A; 
CONOIT8=CONDIT7A; 


OTAZ9ZOTAZBAS 
IDTGT9=IDTGTS8A; 
RANGES =RANGEBA 3; 
TMPCNT9=TMPCNTSA3 
VISCNT9=VISCNTSA3 
CONDIT9=CONDITSA; 


OTAZIOZOTAZ9IA; 
IDTGTIO=IDTGT9AS 
RANGE 10=RANGE 9A; 


TMPCNT IO0=TMPCNT 9A; 
VISCNTIO=VISCNT9A3 
CONDITIO=CONDIT9IA; 


POSITION=* DECOY’; 


SORT SHRM RRR RRR AHR RR NNN 


D=Del; 


END; 
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IF SUBSTRCIDTGT,2-1)= *T*’ OR SUBSTR(IOTGT.«2.1}='O* THEN O00; 
POSITION =*TANK’:; TK=TK*I3; ENO; 
ENO: 
IF (SUBSTRCIDTGT.1,3}= *BMP*) THEN 00; POSITION='BMP’; B=Bel; ENO; 
IF (SUBSTRCIOTGT«1.e2)}= *HK*) THEN O00; POSITION="HULK’; H=H*l3; ENO; 
IF (SUBSTRCIOTGT.1.3}= °UNK*) THEN 00; POSITION=*°UNK’; UsU*I3 ENO: 
IF (SUBSTRCIOTGT»1+4)}= ‘NONE’ } THEN O00; POSITION="NONE’: NeN*I1; ENO; 
TGTTYPE=POSITION; 
TGTYPE=POSITION; 
OECOY=0; TANK=TK; BMP=2B; HULK=H; UNK=U; NONE=N; 
END: 
O88 08 OF 08 08 0 OF ON OF 08 OF ON ON ON 08 0 ON Od OL OH ON ON ON ON 08 0 om OF Od 8 Oe Om Om Od 08 ON 08 00 00 08 Gt ON On OH On 08 GE ON On On On On On Oe on on on on enon on 
PROC SORT: 
BY IOTRIAL IOOBS:;: 
"PROC PRINT; 
« VAR IOTRIAL IOOBS POSITNI POSITN2 POSITN3 POSITNG POSITNS POSITN6 
" POSITN? POSITNS POSITN9I POSITNIO; 
« TITLEI *OTAZ LISTING’; 
Se rITLEs, * 
" TITLES *TARGET TYPES AT EACH POSITION FOR ALL TPOS- TRIALS’; 
"PROC CHART; 
" VBAR TGTTYPE / TYPE=PERCENT; 
«" TITLE] *“OTAZ LISTING’; 
® TITLE. * *s 
= TITLES “PERCENTAGES OF TARGET TYPES AGREGATEO OVER ALL TPOS TRIALS’: 
"PROC CHART; 
# VBAR POSITNI POSITN2 POSITN3 POSITNG POSITNS POSITNG 


“ POSITN7 POSITN&S POSITNS POSITNIO /TYPE=PERCENT: 
* TITLE ‘OTAZ LISTING’: 
a TNGES | os 


» TITLES *PERCENTAGES OF TARGET TYPE AT EACH POSITION’} 
= TITLES ‘OVER ALL TPOS TRIALS’; 
"PROC FREQ: 
* TABLES TGTTYPE;: 
* TABLES POSITNI POSITN2 POSITNS POSITNG POSITNS POSITN6 POSITN7 
« POSITNS POSITNS POSITNIO; 
OU 08 00 8 OF 08 GE ON GE 08 00 0 ON GE GE ON Od Od GE Od 08 Og 00 OO ON Gt Od Od om 00 00 ON ON om ON ON ON ON ON ON OG 00 ON ON On Ge On On ON ON ON On On On an el es 
OATA OATAOUT .OTAZ; 
SET SIX 
PROC SORT; 
BY IOTRIAL IOOBS; 
PROC PRINT; 

VAR IOTRIAL IOOBS IOTGTI OTAZI RANGE] IOTGT2 OTAZ2 RANGEZ2 
IOTGT3 OTAZ3 RANGES IOTGTS OTAZG RANGES IOTGTS OTAZS5 RANGES 
IOTGT6 OTAZ6 RANGE6 IOTGT? OTAZ7 RANGE? 

IOTGTS OTAZB RANGEB IOTGT9 OTAZ9 RANGES IOTGTIO OTAZIO RANGEIO; 

TITLE] *OTAZ LISTING’: 

TIVEE2 = *: 

TITLES *OBSERVER-TARGET AZIMUTHS (CASCENOING OROER) ANO RANGES’; 

TITLES "FOR TPOS TRIALS’: 

08 00 OG OG be oe Od Oe Om Od om OG Od od Od on Om Od oe od do a 

"PROC PRINT; 

« VAR IOTRIAL IOOBS 

a LIGHTLVL TMPCNT1-TMPCNTIO 

" VISCNTI-VISCNTIO CONOITI-CONOITIO; 

» TITLEI *TRIAL, OBSERVER. ANO TARGET CONOITIONS (TPOS TRIALS}': 

a TV ETEEC. 

* TITLES *LIGHTLVL = LIGHT LEVEL (NIGHT TRIALS ONLY) IN FOOT CANOLES’; 
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a TITLES 
«® TITLES 
e TITLE6 
e TITLE? 
® TICES 
® TITLES 


ye 
4/ 


°"TMPCNT = 
*“VISCNT = 
*CONDIT = 
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TEMPERATURE CONTRAST (TARGET TO BACKGROUND)’; 
VISUAL CONTRAST (TARGET TO BACKGROUND)® ; 


CONDITIONS: °; 


*ASBASELINE D=TGT CREW EXPOSED 
*BzTGT MOVEMENT E=PARTIAL EXPOSURE 
*C=TGT FIRING CUE F=FULL CONCEALMENT 


68 


G=TGT ENGINE RUNNING 


SIL=SILHOVETTED STMMS’ ; 


CON=CONCEALED STMMS 


4 


APPENDIX ¢ 
FOVALL SAS PROGRAM 


//FOVALL JOB (1477,9999).*DUBD1S* ,CLASS#C 
//*MAIN SYSTEMsSY2 -CARDS=(80).LINES#(200) 
4/0 
ffm 
//* THIS PROGRAM CREATES A 600 ELEMENT ARRAY OF THE FOV CODE FDR EACH 
47" SECOND OF THE TPOS TRIALS. THE RAW OATA IS IN MSS.F1742.TPOS. 
4/* THIS PRDGRAM CREATES A SAS DATA SET CALLED DATAOUT.FOVALL (IN 
fim MSS.S1477.FOVALL). 
yin , 
‘// EXEC SAS.REGION=6000K 
//WORK DO SPACE=(CYL.(16-16)) 
//OATAIN DD DISP=SHR.DSNAME=MSS.F1742. TPDS 
//DATAOUT DO DISP=(DLD.KEEP ).DSNAME=MSS.S1477.FDVALL 
//SYSIN OD & 
OPTIONS LINESIZE = 1323 
DATA ONE; 
INFILE DATAIN; 
INPUT RECTYPE $ 1 @; 
OF OE OF OF OF OF OF OF OF OF OF OF OF OF OG On Oe OF OF OF OF Oe Oe OF OF Oe Ee Oe Oe OF Oe Oe Oe ee D 
1F (RECTYPE = ‘*H*) THEN DO; 
INPUT ®1 RECTYPE $ 1 IDTRIAL $ 2-6 TRLSTIM 15-20 
29; 
DELETE: 
DETCDUNT=0; 
END; 
08 OE OE OF OF OF OF OF OF OF OF OF OF OF OF OF OF OF OF OE OG OF OF Oe OG ON OF OF Oe Oe Oe ee ee ee 
1F (RECTYPE = °E’) THEN DO; 
INPUT #1 IDOBS $ 2-5 IDTGT $ 6-9 ATGTTYPE 12 TMOTION 14 
OETRANGE 21-24 SRMODEI1A 28 SRMODTIM 29-34 SRMDONEW 35 
SRMOFLAG 36 TSFOV!] 46 TSFOVTIM 47-52 TSFOV 53 
FDVFLAG 54 STSRTIM 55-60 STSRAZ 61-66 TGTFIRTM 67-72 
R22 DETECTIM 1-6 DETECTAZ 14-19 AIMTIM 20-25 AIMAZ 26-31 
RECDGTIM 38-43 FIRETIM 44-49 FIREAZ 51-56 
2G SSTTDDET 15-17 CUETDDET 18-20 DETTOREC 21-23 
RECTDOFIR 24-26; 
END; 
08 OE OF OF OF OF OF OF OG 08 On OF OF OG OF OF OF OF OF OF OF On Oe On OG OF OF OF OF Od Od OG Om On om te te g 
IF RECTYPE «@ ‘'C* THEN DO; 
IF (SRMDFLAG=2) DR (FDVFLAG=2) THEN DD; 
INPUT #1 I100BS $ 2-5 SRMDDTIM 6-11 SRMDDE1A 12 
TSFDVTIM 62-67 TSFOV 68 
RG; 
END; 
ELSE DO; 
INPUT 84; 
DELETE? 
END; 
END; 
(RE RR ERR ERR RR EERE ETRE 2 OU 
* IF (SUBSTRCIDTRIAL+3.1) NE °0’) THEN DELETE; 
IF (SUBSTR(IDOBS.1.2) EQ °AP*) THEN OELETE: 
TRE REPRE EPR PEER ERE 2 Oe 
START=.3; 
IF (TRLSTIM LE 240000) THEN O00; 
HOURS=INTCTRLSTIM/10000); 
MINUTES= INTC CTRLSTIM-HOURS"#10000)/100); 
SECONDS? INT( TRLSTIM= (CHOURS# 10000 )- (MINUTES"@100)); 
START=HDURS#3600+MINUTES#60+*SECDNDS: 
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END; 
wunmnnne THIS RDUTINE CONVERTS DETECTIM TD SECDNDS-INTO-TRIAL 
DETECT=.; 
IF (OETECTIM LE 240000) THEN DO; 
HOURS: INTCDETECTIM/10000); 
MINUTES=INT ( (DETECTIM-HOURS#10000)/100); 
SECONOS= INT (CDETECTIM- (HOURS*10000 J—(MINUTES#100) ): 
OETECT IM=HOURS*3 600 *MINUTES*"60*SECONOS; 
DETECT=OETECTIM-START:; 
ENO; 
IF OETECT GT 600 THEN OELETE: 
wenn THIS ROUTINE CONVERTS TSFOVTIM TO SECDNDS- INTO-TRIAL 
FOVCHNG-,; 
IF (TSFOVTIM LE 240000) THEN OO: 
HOURS=INT CTSFOVTIM/1I0000);3 
MINUTES=INT( (CTSFOVT IM-HOURS#10000)/100); 
SECONOS= INT (CTSFOVT IM= (HOURS #10000 )— (MINUTES#100))3 
CHNGTIME=HOURS#3600*MINUTES*"60*SECONOS ; 
FOVCHNG=CHNGT IME=START; 
END: 
IF FOVCHNG GT 600 THEN OELETE:; 
he teenth tet tedetetoheteletetetetehatetelelt’ 
KEEP IOTRIAL IDD8S IDTGT 
TSFOVTIM TSFOV OETECTIM IDOBSLAG 
FOVCHNG TRLSTIM NUM TSFOV!I FOVFLAG SRMOFLAG 
FOVCHNG] OETECT FOVi-FDV600 DETCDUNT; 
LB Meet Mtetel a teteteteteleteteteheteleteletateteteteteteiatsialel 
ARRAY FOV (I) FOVI-FOV600; 
TOOBSLAG=LAG(TO0OBS); 
IF (IOO8BS NE IOOBSLAG) THEN DO; 
OETCOUNT = QO; 


NUM=0; 

oo I = 1 TO 600; 
FOV=TSFOVI; 
ENO; 

ENO; 


IF (DETECT NE .) THEN OETCOUNT=DETCDUNT?13 
LEP EERE RRR RRR REE RRR RRR 
IF FOVCHNG NE . THEN OO; 
FOVCHNG I =FOVCHNG; 
NUM=NUM®] ; 
IF NUM=I THEN DD; 
DO IzI TO FOVCHNG—1; 
FOV=TSFOV1 ; 
END; 
OO I= FOVCHNG TO 600; 
FOV=TSFOV: 
ENO; 
ENO; 
ELSE 00: 
00 I=FOVCHNG] TO FOVCHNG-1; 
FOV=TSFOVI; 
ENO; 
OO I= FOVCHNG TO 600; 
FOV=TSFOV: 
ENO; 
ENO; 
ENO; 
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eRe el tet etete tet eleteletetetetetetetete tee take ta tetetetetehetetelt) 


RETAIN IDTRIAL TRLSTIM SRMDFLAG FOVFLAG IDOBS IDTGT 
NUM IDOBSLAG DETCOUNT FOVCHNG FOV1-FOV600; 
06 00 OG OG OF OF tn OF OS OG OF OF OG OG OF OG OU Om On On On Od Og Od OF ON OG OU Og on Om On og Oe On tg 
PROC SORT DATA=ONE; 
BY IDTRIAL IDOBS;: 
06 00 OE OF OU On OU OU On Od OF OU Od On Od Oe On On On Od On Od Oe Oe og OF Oe Oe oe on og 
DATA TWO: 
SET ONE; 
PROC MEANS DATA=TWO MAXDEC?3 MAX 3 
VAR DETCOUNT: 
BY IDTRIAL IDOBS;: 
OUTPUT OUTSTHREE MAX=TOTDTECT: 
(RRR RRR Bs 
PROC SORT DATA=THREE; 
BY IDTRIAL IDOBS; - 
LEEPER: 
DATA FOUR: 
MERGE ONE THREE; 
BY IDTRIAL IDOBS; 
RETAIN TOTDECT;: 
ARRAY FOV (1) FOV1-FOV600; 
IF DETCOUNT NE TOTDTECT THEN DELETE: 
KEEP IDTRIAL IDOBS DETCOUNT TOTDTECT FOV1-FOV600; 
PROC SORT; 
BY IDTRIAL IDOBS: 
LER EERE REET RRR 
DATA DATAOUT.FOVALL: 
MERGE ONE FOUR; 
KEEP IDTRIAL IDOBS DETCOUNT FOVI-FOV600 TOTDTECT: 
PROC SORT: 
BY IDTRIAL IDOBS; 
"PROC PRINT? 
*" VAR IDTRIAL IDOBS FOV1-FOV600; 
" TITLE] ‘*FOVALL LISTING’; 
W, TiTEEZ "> *s 
« TITLES *FOVI-FOV600 FOR TPDS TRIALS'3 


qk 


MOONE 0, 
DTECTALL SAS PROGRAM 


AJ/DTECTALL JDB (1477,.9999),’DUBOIS' ,CLASS=C 
//®MAIN SYSTEM=SY2 »>CARDS=(100) -LINES=(100) 
sfu 
//® THIS PROGRAM PRINTS A TASLE OF TIMES TO DETECT THE TARGETS I THRU 10. 
4/* THE ORIGINAL DATA IS FROM MSS.F1I7462.TPDS. IN ADDITION, THIS 
//*® PROGRAM DETERMINES FIRST DETECTIONS. IT CREATES A SAS DATASET CALLED 
//*® DATADUT.DTECTALL CIN MSS.S1477.DTECTALL). 
//* 
4/ EXEC SAS VS.REGION=1200K 
//WORK DD SPACE=(CYL,(8.8)) 
//DATAIN DD DISP=SHR»DSNAME=MSS.F1I742.TPDS 
//DATAOUT DD DISP=(OLD,KEEP ). DSNAME=MSS.$1477.DTECTALL 
//SYSIN DO ® 
OPTIONS LINESIZE = 132; *"PAGESIZE=60; 
SSSSSSKEKHSSHSSHSKEKEHRHEEKEKHHEKKee eee ee; 
RKC Kae ee! 
DATA ONE; 
INFILE DATAIN: 
INPUT RECTYPE $ I @3 
HR KKRNKHKKHKRSSHR HHH eee eee: 
IF CRECTYPE = °H') THEN DO: 
INPUT #1 RECTYPE $ I IDTRIAL $ 2-6 TRLSTIM 15=20 
O8SI $ 21-24 MOPGEARI $ 31 AZADJI 32-37 O8S2 $ 48-51 
MOPGEAR2 $ 58 AZADJ2 59-64 
O8S3 $ 75-78 
B2 MOPGEAR? $ 7 AZADJ3 B-I2 O8S4 $ 24-27 MOPGEARG $ 34 
AZADJG 35-40 
#3 TRLSITE 18 AIRTEMP 40-43 VISIBLTY 56-59 
B93 
DELETE; 
DE TCOUNT #03 
END; 
HGR KHHSKHERHRAHKRHEKRHRRHEKHRRRAAHA 
IF CRECTYPE & °E*) THEN DO: 
INPUT #1 IDD8S $ 2-5 TARGET $ 6-9 ATGTTYPE I2 EXPOSE 13 
MOTION 146 CAMOUF 15 TGTENGIN 16 
DETRANGE 21-24 TCSRMODE 28 SRMODTIM 29-34 SRMODNEW 35 
SRMDFLAG 36 SITEFOV 46 TSFOVTIM 47-52 TSFOVNEW 53 
FOVFLAG 54 STSRTIM 55-60 STSRAZ 61-66 TGTFIRTM 67-72 
#2 DETECTIM I-6 DETECTAZ 14-19 AIMTIM 20-25 AIMAZ 26-31 
RECOGTIM 38-43 FIRETIM 44-49 FIREAZ 51-56 MEMBER $ 74 
24 SSTTODET 15-17 CUETODET I8-20 DETTOREC 21-23 
RECTOFIR 24-263 
END; 
SSSSHRKRHHKHSKHHRHHKEKRKREKEHREKHKKNHMR HR Ss 
IF RECTYPE = °C’ THEN DO; 
IF (SRMDFLAG=2) DR (FOVFLAG=2) THEN DO: 
INPUT #1 IDO8S $ 2-5 SRMODTIM 6-I1 TCSRMODE I2 
SFOVTIM 62-67 TSFOVNEW 68 
RG; 
END: 
ELSE OD; 
INPUT 34; 
DELETE; 
END; 
END: 
00 Gh OF OF OE OF OF OF OF 08 OF OF OF OF OE OE 05 00 OE OE OE OE OF UF OE OE OF OF OF OE mm ne or oe oe co neg 


® IF IDTRIAL=*oSO21’ OR IOTRIAL='DSO28’ OR IDTRIAL='DS029’; 
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IF (SUBSTR(IDOBS.I.2} EQ °AP’) THEN DELETE: 
IF (DETECTAZ GT 360) THEN DETECTAZ =.; 
IF (FIREAZ GT 360) THEN FIREAZ =.; 
IF DETRANGE GT 7777 THEN DETRANGE =.; 
Pee eee EE | Th Botte hhh nett eteely 
RETAIN IDTRIAL TRLSTIM SRMDFLAG FOVFLAG IDOBS TARGET ATGTTYPE 
HATCH AZADJI AZADJ2 AZADJ3 AZADJG 
DETCOUNT FOVCHNG OBS1 OBS2 OBS3 OBSS 
TRLSITE AIRTEMP VISIBLTY 
NOMRANGE MOPGEARI MOPGEAR2 MOPGEAR3 MOPGEARG:s 
 eleteheteltehetehehehehehehehelehehehehehlehleheheheheheheloheiehelelt} 
START=.3 
IF (TRUSTIM LE 240000) THEN DO; 
HOURS=INT(TRUSTIM/10000); 
MINUTES=INT( (TRLSTIM=HOURS*10000)/100); 
SECONDS =INT(CTRUSTIM— (HOURS*"10000 J—(MINUTES*"I00))}; 
START =HOURS *3600*MINUTES"60*SECONDS; 


END; 
senuneme THIS ROUTINE CONVERTS TSFOVTIM TO SECONDS-INTO-TRIAL "senun; 
FOVCHNG=.:3 


IF (TSFOVTIM LE 240000) THEN DO; 
HOURS=INT(CTSFOVTIM/I0000); 
MINUTES=INT ( ( TSFOVTIM—HOURS#10000)/100}); 

SECONDS= INT (TSFOVTIM— (HOURS*# 10000 )- (MINUTES"100)}; 
CHNGT IME=HOURS #3600 *MINUTES#60*SECONDS; 
FOVCHNG=CHNGTIME-START: 
END: 
IF FOVCHNG GT 600 THEN DELETE; 
saseeeeee THIS ROUTINE CONVERTS STSRTIM TO SECONDS-INTO-TRIAL "Hemme: 

IF STSRTIM GT 2460000 THEN DELETE: 

IF (STSRTIM LE 240000) THEN DO; 
HOURS=INT(STSRTIM/I0000); 
MINUTES=INT((STSRTIM—-HOURS#I[0000)/100); 
SECONDS=INT (STSRTIM— CHOURS #10000 J~(MINUTES"100) 33 
STSRTIMSHOURS*3600¢MINUTES"60*SECONDS ; 
STSEARCH=STSRTIM-START; 

END; 
IF (STSEARCH LE I} THEN STSEARCH =]; 
IF STSEARCH GT 600 THEN DELETE; 
eeennmee THIS ROUTINE CONVERTS SRMODTIM TO SECONDS-INTO-TRIAL “Hemme; 

SMODCHNGS. ; 

IF (SRMODTIM LE 240000) THEN DO; 
HOURS=INT(SRMODTIM/10000); 

MINUTES= INT ( (SRMODTIM—HOURS#10000)/100)3 
SECONDS=INT(SRMODTIM— (CHOURS#I 0000 J—(MINUTES*"1I00)); 
SRMODTIM=HOURS #3600*MINUTES"60*SECONDS: 
SMODCHNG=SRMODTIM-—START; 
END; 
eueeeeee THIS ROUTINE CONVERTS DETECTIM TO SECONDS-INTO-TRIAL #88 en mH; 

IF DETECTIM GT 240000 THEN DELETE; 

IF (DETECTIM LE 240000) THEN DO; 
HOURS=INT(DETECTIM/1I0000); 
MINUTES=INT( (DETECTIM—-HOURS*#10000)/100); 
SECONDS =INT (DETECTIM—(HOURS*"10000 }— (MINUTES#100)}; 
DETECTIM=HOURS #3600*MINUTES"60*SECONDS: 
DETECT=DETECTIM-—START; 
END; 

IF DETECT EQ STSEARCH THEN DO; 
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OETECTSOETECT+¢I: SSTTODETSSSTTODET*I: ENO: 
IF DETECT LE I OR OETECT GT 600 OR OETECT EQ . TMEN DELETE; 
wuwnewee THIS ROUTINE CONVERTS FIRETIM TO SECONDS-INTO-TRIAL seuccnnn, 
FIRE=.3 
IF (FIRETIM LE 2460000) THEN DO; 
HOURS=INTCFIRETIM/10000); 
MINUTESZINT( CF IRETIM=HOURS"810000)/100);3 
SECONOS= INT(FIRETIM= (HOURS"® 10000 )-(MINUTES#100) 33 
FIRETIM=SHOURS#@3600*MINUTES#60*SECONDS: 
FIRE=FIRETIM=START;: 
END; 
seaenmeee THIS SECTION CONVERTS NUMERIC COOES INTO CHARACTERS *annnnmm; 
IF (ATGTTYPE= I) THEN TGTTYPE = °* TANK‘: 
IF (ATGTTYPE= 2) THEN TGTTYPE = ° APC '‘; 
IF (ATGTTYPE= 3) THEN TGTTYPE ‘ HULK'; 
IF (ATGTTYPE= 4) THEN TGTTYPE = ‘*OECOY': 
IF (ATGTTYPE= 5) THEN TGTTYPE = *FALSE'; 


IF (ATGTTYPE= 9) THEN TGTTYPE = ‘ UNK °; 
IF SITEFOV= I THEN SIGHTFOV = °2.5 DEG’; 
IF SITEFOVs 2 THEN SIGHTFOV = ° IS OEG’:;: 
IF SITEFOV= B THEN SIGHTFOV E& ° 8B GEG"; 


IF SITEFOV= 9 THEN SIGHTFOV : UNK ‘; 

IF DETRANGE NE . AND DETRANGE LE 1200 THEN NOMRANGE=*SHRT'; 

IF OETRANGE GT 1200 AND DETRANGE LE 2200 THEN NOMRANGE=' MEDM® ; 
IF OETRANGE GT 2200 ANO OETRANGE LE 3500 THEN NOMRANGE='LONG'®; 
IF MEMBER='1° THEN CREWMEMB="TCOR'; 

IF MEMBER=°2' THEN CREWMEMB=‘'GUNR®; 

IF MEMBER='Q’ THEN CREWMEMB=° UNK’*; 


IF MOTION © I THEN TMOTION=°STILL °'3 
IF MOTION = 2 THEN TMOTION=*MOVING’; 
IF MOTION © B THEN TMOTION=" N/A °; 
IF MOTION = 9 THEN TMOTIONS’ UNK ‘3 


IF CAMOUF2I THEN CAMOUFLG=°NONE’®}; 
IF CAMOUF22 THEN CAMOUFLG=’PART' ; 
IF CAMOUF=3 THEN CAMOUFLG='FULL': 
IF CAMOUF28 THEN CAMOUFLG=° N/A'S 
IF CAMOUF2$ THEN CAMOUFLG=° UNK’'$ 
IF EXPOSE =] THEN TGTEXPOS='YES'; 
IF EXPOSE #2 THEN TGTEXPOS=2° NO’; 
IF EXPOSE =8 THEN TGTEXPOS='N/A’* 
IF EXPOSE =9 THEN TGTEXPOS=° UNK* 
IF TGTENGIN=1 THEN ENGINE='OFF® ; 
IF TGTENGIN=2 THEN ENGINE=‘RUN® 3 
IF TGTENGIN=B THEN ENGINE='NZA°; 
IF TGTENGIN®9 THEN ENGINE=°* UNK® 
00:04 OU OF OF OF OF OF OF 0 OF OF OF 00 00 00 OO OE OF OE 00 OF OF OE OE OE OF OE OF OF OE OE OE OE OED 

IF IDOBS=OBS1 THEN 00; 

IF TCSRMOOE=1 OR TCSRMOOES2 THEN SRCHMOOE=*EYE/OPT® ; 

ELSE SRCHMOOE=‘OPT/OPT° ; 

HATCH=*CLOSEO’; MOP=MOPGEAR1]: ENO: 
IF IOO0BS=O8S2 THEN O00; 

IF TCSRMOOE=1 OR TCSRMOOE=2 THEN SRCHMOOE='EYE/OPT’; 

ELSE SRCHMOOE='OPT/OPT’ ; 

HATCH="OPEN'; MOP=MOPGEAR2: ENO; 
IF IDOBS=OBS3 THEN 00; 

IF TCSRMOOE=1 OR TCSRMODE=2 THEN SRCHMOOE="EYE/THM® ; 

ELSE SRCHMOOE=* THM/THM’ ; 

HATCH=*CLOSED*; MOP=MOPGEAR3: ENO: 
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IF IDOBS=O8S6 THEN DO; 
IF TCSRMODE=1 OR TCSRMODE=2 THEN SRCHMODE='EYE/THM' ; 
ELSE SRCHMODE=' THM/THM': 
HATCH="OPEN': MOP=MOPGEARG; END; 
IF MOP='O* THEN MOPP=' NO’; 
IF MOP="I' THEN MOPPe'YES'; 
9090 OU OU OU 00 0 OF OU Ou OU OU Od OO om md mg 
IF HATCH='OPEN' AND (CREWMEMB='TCDR' OR CREWMEMB=' UNK') THEN DO; 
IF SMODCHNG NE . THEN DO; 
IF (TCSRMODE=1 OR TCSRMODE=2) AND DETECT LT SMODCHNG THEN DELETE: 
IF (TCSRMODE=3 OR TCSRMODE=4) AND DETECT GT SMODCHNG THEN DELETE: 
IF TCSRMODE NE 1 AND TCSRMODE NE 2 AND TCSRMODE NE 3 AND 
TCSRMOCDE NE 4 THEN DELETE: 


END: 
IF SMODCHNG =. AND (TCSRMODE NE 3 AND TCSRMODE NE 4G) THEN DELETE; 
END; 
* (TCSRMODE CODES: 1=EYE 2=BINOCULARS J=OPTICAL SIGHT ; 
" G=THERMAL SIGHT S=N/A (TOW ONLY) 6®UNKNOWN 3 


» (THE ABOVE LINES DELETE DETECTIONS MADE WITH OPEN HATCH BY CREWMEMB 

*" "TCDR* OR °UNK' USING EYE SEARCHMODE OR WHEN SIGHT TYPE IS UNKNOKWN' ); 
Oe 0 90 OF OU DY DE OU OF OU OU 00 DP BO bY GD OF OF or ON Ot DY DO OF OF OP 

IF IDOBS NE LAG(IDOBS) THEN DETCOUNT = 0; 

DETCOUNT=DETCOUNT*1; 
TITITITITITITIT ILI 
PROC SORT: 

BY IDTRIAL IDOBS; 


edd tthe ketetetehehetetetetelelahetehatetetabeiahelt 
0 OF Oh 00 OE OE Oe Oe Oe Oe Oe Oe Od Oe Oe Oe Oe Oe Oe Oe OO De Ge 08 De OO be te De Oe Ot De Oe ee ° 
DATA TWO; 
SET ONE; 
DROP MOPGEARI1-MOPGEARS MOP ATGTTYPE MEMBER CAMOUF EXPOSE TGTENGIN: 
DETECTIM=DETECT: 
FIRSTDET=0; 
LE he healt) 
teeta tetelt | 
DATA THREEI: 
SET TWO; 
IF (TARGET NE ‘BMPI') THEN DELETE; 
IF IDOBS NE LAGCIDOBS) OR IDTRIAL NE LAGCIDTRIAL) THEN FIRSTDET=1; 
LAOREET 
DATA THREE2; 
SET TWO; 
IF (TARGET NE ‘BMP2') THEN DELETE; 
IF IDOBS NE LAGCIDOBS) OR IDTRIAL NE LAGCIDTRIAL) THEN FIRSTDET=1;3 
CERRO 
DATA THREES; 
SET TWO; 
IF (TARGET NE °BMP3') THEN DELETE: 
IF IDOBS NE LAG(IDOBS) OR IDTRIAL NE LAGCIDTRIAL) THEN FIRSTDET=1; 
OO DO OO OF OF OF OF DO OO OF OF OF ON Oe Oe OO DF DO DO De OF Oe Oe Oe De me ee 
DATA THREEG; 
SET TWO: 
IF (TARGET NE ‘BMPG4') THEN DELETE: 
IF IDOBS NE LAGCIDOBS) OR IDTRIAL NE LAGCIDTRIAL) THEN FIRSTDET=1; 
CRORE RE REPRRRRRRRRE 
DATA THREES: 
SET TWO; 
IF (TARGET NE ‘TOI') THEN DELETE: 


Fes, 


IF IDOBS NE LAGCIDOBS) OR IDTRIAL NE 
ARRARRAKRRRKRKNRRRNKRKRKNNNR 
DATA THREE63 

SET TRO; 

IF (TARGET NE ‘T02') THEN DELETE: 

IF IDOBS NE LAGCIDOBS) OR IDTRIAL NE 
BR RRRSRRKHRN RRR RRR 
DATA THREE7:3 

SET TWO: 

IF (TARGET NE ‘TO3°) THEN DELETE; 

IF IDOBS NE LAGCIDOBS) OR IDTRIAL NE 
BRERA RRR RRR 
DATA THREEB;: 

SET TWO; 

IF (TARGET NE ‘T04‘') THEN DELETE; 

1F IDOBS NE LAG(IDOBS) OR IDTRIAL NE 
deeded etetedetetetetetetededetetetetel | 
DATA THREES; 

SET TWO; 

IF (TARGET NE ‘T05‘) THEN DELETE: 

IF IDOBS NE LAGCIDOBS) OR IDTRIAL NE 
LEE RPP 
DATA THREE10; 

SET TWO; 

IF (TARGET NE ‘T06') THEN DELETE: 

IF IDOBS NE LAGCIDOBS) OR IDTRIAL NE 
ee dhe ede teeta deed dade ete detedeteltel | 
DATA THREE1I1; 

SET TWO; 

1F (TARGET NE 'T07') THEN DELETE; 

IF IDOBS NE LAGCIDOBS) OR IDTRIAL NE 
Li ee 
DATA THREEI2: 

SET TWO; 

IF (TARGET NE ‘TD1°) THEN DELETE: 

IF IDOBS NE LAG(IDOBS) OR IDTRIAL NE 
eee Reet ete tet eede tel tetetelt | 
DATA THREE13; 

SET TWO; 

IF (TARGET NE °TD2°) THEN DELETE: 

1F IDOBS NE LAG(IDOBS) OR IDTRIAL NE 
bated ed etetet ed eteteted ated etteeteteteteteteabeletetatelatehedeialelt | 
DATA THREE14; 

SET TWO; 

IF (TARGET NE ‘TT2') THEN DELETE; 

IF IDOBS NE LAGCIDOBS) OR IDTRIAL NE 
ER Reed eM ede M ated dete t ede tedetetetetatetetetetatetetededela tow 
DATA THREE15;: 

SET TWO; 

1F (TARGET NE ‘HX4I') THEN DELETE: 

IF IDOBS NE LAG(CIDOBS) OR IDTRIAL NE 
Me ded ated ated edetdatedetedeteteteteletetetetetete beled eteleletebetelt 
DATA THREE16; 

SET TWO: 

IF (TARGET NE ‘HX42') THEN DELETE; 

IF 1DOBS NE LAGCIDOBS) OR IDTRIAL NE 


DATA THREE173 


LAGCIDTRIAL) 


LAGCIDTRIAL) 


LAGCIDTRIAL) 


LAG CIDTRIAL) 


LAGCIDTRIAL) 


LAGCIDTRIAL) 


LAGCIDTRIAL) 


LAGCIDTRIAL) 


LAGCIDOTRIAL) 


LAGCIDTRIAL) 


LAG CIDTRIAL) 


LAG CIDTRIAL) 
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THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


FIRSTDET=1; 


FIRSTDET#1; 


FIRSTDET=1; 


FIRSTDET=1; 


FIRSTDET=13 


FIRSTDET=13 


FIRSTDET#1; 


FIRSTDETe@l3 


FIRSTDET#21; 


FIRSTDET=13 


FIRSTDET#13 


FIRSTDET21; 


PAGE 6 


SET TWO; 
IF (TARGET NE ‘HKSI') THEN DELETE; 
IF IDOBS NE LAGCIDDBS) DR IDTRIAL NE LAGCIDTRIAL) THEN FIRSTDET=1; 


LEE 
DATA THREEI8; 
SET TWO; 
IF CTARGET NE ‘HKS2*) THEN DELETE: 
IF IDOBS NE LAGCIDOBS) DR IDTRIAL NE LAGCIDTRIAL) THEN FIRSTDET=1; 


I ee 2 
DATA THREEI9;: 

SET TWD; 

IF (TARGET NE *UNK') THEN DELETE; 

IF IDOBS NE LAGCIDOBS) OR IDTRIAL NE LAGCIDTRIAL) THEN FIRSTDET=1; 

6 OG OG OG Oe OG OO OE OU OE OF OE OF OE OE OG OG OF Ot OF Om OF OG Ot OE OU OE OE OE EE OG Os 
DATA THREE20; 

SET TWO; 

IF (TARGET NE ‘NDNE') THEN DELETE: 

IF IDOBS NE LAGCIDOBS) OR IDTRIAL NE LAGCIDTRIAL) THEN FIRSTDET=1; 

OG OE OE OF OE OE OF OG OG OG OG OG OG OG OE OF OE OF OF OF OG OG OE OG OG OG OG OG OG Oe OG Oe et eS 
DATA FDUR: 

SET THREEI THREE2 THREES THREES THREES THREE6 THREE? THREES THREES 
THREE1O THREEI! THREE12 THREE]3 THREEIG THREEIS THREEI6 THREEI?7 
THREEI8 THREEI9 THREE20; 

PROC SDRT; 
BY IDTRIAL IDDBS STSEARCH: 
OG OG OG OG OF OG OF OE OE OE OE OE OF OE OE OG OG OG OG OG OG OE OE ae es 
DATA DATAOUT.DTECTALL; 
SET FOUR; 
KEEP IDTRIAL IDOBS STSEARCH SIGHTFOV FOVCHNG DETECTIM DETCDUNT 
AZADJ1 AZADJ2 AZADJ3 AZADIG 
TCSRMODE CAMOUFLG ENGINE CREWMEMB FIRSTDET HATCH MOPP NOMRANGE 
DETTDDET DETIMLAG TGTEXPOS TRLSITE AIRTEMP VISIBLTY 
DETECTAZ DETRANGE SSTTODET TARGET TGTTYPE SRCHMODE SMDDCHNG; 

DETIMLAG=LAG(DETECTIM); 

IF DETCDUNT = I THEN DETTDDET=DETECTIM; 

ELSE DETTODET=(DETECTIM-DETIMLAG); 

PROC PRINT; 
VAR IDTRIAL IDOBS DETCDUNT TARGET DETECTIM DETECTAZ DETRANGE 
TRLSITE AIRTEMP VISIBLTY MOPP HATCH 

SRCHMDDE TCSRMDDE STSEARCH SMODCHNG SIGHTFOV FOVCHNG CREWMEMB 

FIRSTDET SSTTODET DETTODET TGTTYPE;: 

TITLE? *DTECTALL LISTING‘; 

ajeee ~ * 8% 

TITLES “TIMELINE FOR ALL DETECTIONS (USING SIGHTS) IN TPDS TRIALS'; 

TITLES ‘AND SDME OBSERVER AND TARGET CONDITIONS’; 

RRRRERRRR RR 
Lh 
DATA FIVE; 

SET DATAOUT.DTECTALL: 

IF FIRSTDET=1; 

IF TGTTYPE=*UNK’ OR TGTTYPE=’FALSE’ THEN DELETE; 

TITLE] ‘DTECTALL CHART FROM TPDS DATA (FIRST DETECTIDNS ONLY)°; 

wereees es 

"PROC PLOT; 

*" PLDT _N_*SSTTDDET / VAXIS=0 TO 200 BY S VPOS=I1IO0 HPOS=60; 
" TITLES “DISTRIBUTION OF SSTTODET’:;: 

" TITLES ‘(SECONDS FROM START SEARCH TO DETECT)’; 

STeiiceo. ) 
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«© TITLES “ALL SSTTODET ; 

» PLOT _N_®DETTODET / VAXIS20 TD 200 BY 5 VPDS=110 
* TITLE3 ‘DISTRIBUTION DF DETTDDET®; 

=» TITLES ° (SECONDS FROM LAST DETECT TD DETECT)’: 

* TITLE6 ‘ALL DETTODET’; 

=PRDC CHART; 

=» VBAR SSTTODET / TYPE=PERCENT 

" MIDPDINTS= 10 30 50 70 90 110 130 150 170 1990; 
® TITLES “DISTRIBUTION CE SSTIOBET ~< 

= TITLE4 *(SECONDS FROM START SEARCH TD DETECT)‘; 
SPICES es 

* TITLE6 °ALL SSTTODET’; 

"PROC CHART; 

= VBAR DETTDODET / TYPE=PERCENT 

" MIDPDINTS= 10 30 50 70 90 110 130 150 170 190: 
TITLES “DISTRIBUTION DF OETTODET 

*« TITLES “(SECONDS FROM LAST DETECT TO DETECT)‘; 

es TITLE6 “ALL DETTODET”: 

"PROC SORT; 

s BY TGTIYPE: 

"PROC CHART; 

» VBAR SSTTODET /TYPE=PERCENT 

" MIDPDINTS= 10 30 50 70 90 110 130 150 170 1903 
» BY TGTTYPE;: 

s TITLES ‘DISTRIBUTION DF SSTTODET’;: 

=» TITLES ‘(SECONDS FROM START SEARCH TO DETECT): 
o) TITLES: ot 
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HPDS=60; 


=» TITLE6 °BY TARGET TYPE (TANK. BMP. DECDY. DR HULK?)*; 


=PRDC CHART; 

=" VBAR DETTDODET / TYPE=PERCENT 

" MIDPDINTS= 10 30 50 70 90 110 130 150 170 190; 
= BY TGTTYPE; 

* TITLES "DISTRIBUTION DF DETTDODET': 

« TITLES °CSECONDS FROM LAST DETECT TO DETECT): 

B. “TITLES: * "5 


® TITLE6 °BY TARGET TYPE (TANK. BMP. DECDY, DR HULK) 


=PRDC SORT; 

= BY NDMRANGE; 

=PRDOC CHART: 

s VBAR SSTTDDET /TYPE=PERCENT 

i) MIDPOINTS= 10 30 50 70 90 110 130 150 170 1903 
s BY NOMRANGE; 

® TITLES “OISTRIBUTION DF SSTTOBET*; 

» TITLES *(SECONDS FROM START SEARCH TOD DETECT)’: 
S TITLES  °% . 

s TITLE6 ‘BY NDMINAL RANGE (SHDRT.MEDIUM, DR LONG)’: 
="PRDC CHART; 

» VBAR DETTODET / TYPE=PERCENT 

. MIDPDINTS= 10 30 50 70 90 110 130 150 170 190; 
a» BY NDOMRANGE; 

» TITLES “DISTRIBUTION DP DETTODET’: 

® TITLEG ‘(SECONDS FROM LAST DETECT TD DETECT)’: 
 TITEES) > s 

=» TITLE6 °BY NOMINAL RANGE (SHORT.MEDIUM. DR LONG)‘; 
®PROC SDRT; 

» BY MDPP; 

=PRDC CHART: 

® VBAR SSTTDDET /TYPEsPERCENT 
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" MIDPOINTS= I0 30 50 70 90 110 130 I50 I70 190; 
* BY MOPP; 

* TITLES ‘DISTRIBUTION OF SSTTODET'; 

« TITLES "(SECONDS FROM START SEARCH TO DETECT)’; 
MEULTLES © 25.3 

“ TITLE6 ‘BY MOPP STATUS’: 

*PROC CHART; 

VBAR DETTODET / TYPE=PERCENT 

" MIDPOINTS= Io 30 50 70 90 IIO 130 I50 170 190; 
* BY MOPP; 

“ TITLES ‘DISTRIBUTION OF DETTODET': 

* TITLEG ‘(SECONDS FROM LAST DETECT TO DETECT)’: 

Se ATLES * 

*» TITLE6 *BY MOPP STATUS’; 


02 08 8 OF OF OF OF OO OF te he me me ee 


06 00 06 06 Db OF Bb OF OE Oe Oe OF OF Oe Bee 
DATA SIX; 
SET FIVE: 
IF SRCHMODE='OPT/OPT’ OR ((SRCHMODE="EVE/OPT’ OR SRCHMODE='EYE/THM’ } 
AND CREWMEMB="TCDR* ); 
TITLE6 ‘DETECTIONS USING OPTICAL SIGHT OR UNAIDED VISUAL'; 


6 02 00 BG 08 OF 00 26 OF OF Oe te Bt Bes 

96 OF Db 06 BE OP OO DE OO OE DE OE BE mS 

“DATA SEVEN; 

SE SEM mlveis 

* TF SRCHMODE=' THM/THM’ OR (SRCHMODE="EVYE/THM' AND CREWMEMB=‘GUNR® }3 
* TITLE6 ‘DETECTIONS USING THERMAL SIGHT’; 

"PROC SORT: 

* BY ENGINE; 

*PROC CHART; 

« VBAR SSTTODET/TYPE=PERCENT 

" MIDPOINTS= I0 30 50 70 90 IIO I30 ISO 170 190; 

* BY ENGINE: 

* TITLES ‘DISTRIBUTION OF SSTTODET': 

* TITLES ‘(SECONDS FROM START SEARCH TO DETECT)’; 

a TIIEES * * 3 

» TITLE? ‘BY ENGINE STATUS (OFF. RUNNING. OR N/A (HULK OR DECOY) )': 
"PROC CHART: 

* VBAR DETTODET/TYPE=PERCENT 

a MIDPOINTS= Io 30 50 70 90 IIO I30 I50 170 190: 

* BY ENGINE; 

* TITLES ‘DISTRIBUTION OF DETTODET': 

* TITLEG ‘(SECONDS FROM LAST DETECT TO DETECT)’; 

Se rLilLes "4 

* TITLE? 'BY ENGINE STATUS (OFF. RUNNING: OR N/A (HULK OR DECOY) )'3 
“PROC PLOT; 

* PLOT AIRTEMP*SSTTODET;: 

* TITLE7 ‘BY AIR TEMPERATURE (DEGREES CELSIUS)‘: 


LER 

6 00 OE Ob DE OO BE BE OF OO Dt OF OP Ob BE 8 

*DATA EIGHT; 

SPsoe ioe t Ves 

* IF SRCHMODE='OPT/OPT’ OR SRCHMODE='THM/THM' OR CREWMEMB=*GUNR®; 
* TITLE6 ‘DETECTIONS USING OPTICAL OR THERMAL SIGHT’: 

*PROC SORT; 

* BY SIGHTFOV; 

*PROC CHART: 

* VBAR SSTTODET/TYPE=PERCENT 
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a MIDPOINTS# 10 30 50 70 90 110 130 150 170 190; 

« BY SIGHTFOV;: 

« TITLES ‘DISTRIBUTION OF SSTTODET’: 

" TITLES *CSECONDS FROM START SEARCH TO DETECT)’: 

e TITteS * *% 

« TITLE? ‘BY SIGHT FIELD OF VIEW (5 OR 15 DEGREES)'; 
sPROC CHART: 

® VBAR DETTODET/TYPE=PERCENT 

- MIDPOINTS= 10 30 50 70 90 110 130 150 170 1903 

« BY SIGHTFOV; 

x TITLES ‘DISTRIBUTION OF DETTODET’: 

» TITLES ‘(SECONDS FROM LAST DETECT To DETECT)': 

S TITLES -* * 

« TITLE? ‘BY SIGHT FIELD OF VIEW (5 OR 15 DEGREES)’: 


BBR RRRRhanaans 
BR RRR 
yu 
4/ 
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APPENDIX E 
TIMINFOV SAS PROGRAM 


//TIMINfov JOB (1477,9999),* DUBOIS’ »CLASS=C 

//*MAIN SYSTEMESY2 »>CARDS=(100) 

/7/* 

//* THIS PROGRAM RETRIEVES THE FOLLOWING FOR EACH OBSERVER IN EACH TRIAL: 
//“ 1) 600 OBSERVER SIGHT AZIMUTHS FROM SAS OATA SET DATAOUT AZIMUTH: 
4/* 2) 10 OBSERVER-TARGET AZIMUTHS» RANGES,» AND MANY OTHER TARGET 

4/* VARIABLES FROM SAS DATA SET DATAOUT.OTAZ; 

//* 3) 600 ELEMENT FIELD OF VIEW ARRAY FROM SAS OATA SET DATAOUT.FOVALL: 
//* G) THE DETECTION TIMELINE AND MANY TRIAL. OBSERVER,» ANO TARGET 

4/* CONDITIONS LOCATED IN SAS OATA SET DATAOUT.DTECTALL: 

//* §) THE DETECT TIMES SSTTODET ANO OETTODET FROM DTECTALL. 

4/* 

//* FROM ALL THIS DATA+ THIS PROGRAM COMPUTES FOR EACH OBSERVER: 

4/* 1) THE NUMBER OF SECONOS EACH TARGET IS WITHIN THE FIELD OF VIEW; 
//* 2) THE NUMBER OF TIMES EACH TARGET ENTERS THE FIELD OF VIEW; 

4/* 3) WHICH TARGETS WERE OETECTEO OURING THE TRIAL (BY THAT OBSERVER); 
//* &@) THE TOTAL OBSERVERS EACH TARGET WAS OETECTED IN THE TRIAL. 

//* $) SORTS THE TARGETS BOTH GEOMETRICALLY ANO CHRONOLOGICALLY. 

//* ALL THE PERTINENT TARGET VARIABLES. SUCH AS CAMOUFLAGE, AND ENGINE 
4/* STATUS+ ARE ALSO SORTEO GEOMETRICALLY ANO CHRONOLOGICALLY, TO 

/7/* MATCH THE TARGET SORT. 

ssn 

4/* THIS PROGRAM ALSO COMPUTES THE UNIVARIATE STATISTICS ON THE THREE 
4/* TIMES TO DETECTION: DETDET. SRCHDT. AND FOVDET. 

//* VERTICAL BAR CHARTS FOR THE THREE TIMES BY POSITION» AND BY SEQUENCE 
47% ARE ALSO PROOUCED. 

//* NOT ALL THIS CAN BE’ DONE IN ONE RUN. SO THE UNWANTED PORTIONS 

4/* ARE COMMENTEO OUT. 

//* 

// EXEC SAS VS-+REGION=3200K 

//WORK DO SPACE=(CYL. (2B,2B)) 

//DATAINI DD DISP=SHR»DSNAME=MSS.S14677.OTAZ 

//OATAIN2 DD DISP2SHR»DSNAME®MSS.S14677.AZIMTEST 

//DATAINS DO OISP=SHR,»DSNAME=MSS.S14677 .DTECTALL 

//DATAING DD DISP=SHR»DSNAME=MSS.S14677.FOVALL 

//DATAOUT DD DISP=(OLD.KEEP ).OSN=MSS.S1477.TIMINFOV 

//SYSIN DD ® 

OPTIONS LINESIZE#132 PAGESIZE=60; 


RHR 
ELIS 
DATA ONE; 

MERGE DATAINI.OTAZ 
DATAIN2.AZIMTEST 
OATAINS.DTECTALL 
OATAING.FOVALL; 

BY IDTRIAL IOOBS: 
TTI IIIT Iii 
* IF IOTRIAL= °DSO20° OR IDTRIAL= °DSO2I1’° OR IDTRIAL=’DS028°; 
* IF SUBSTRCIDTRIAL.3.1) EQ '0°; 


Oe ot OE OR OE DE oF OE OE OE DE oe 
#8 08 OF DE Ot Ot Ot OE OE DE DE ote 
OATA ONEA; 
RETAIN IDTRIAL IDOBS STSEARCH: 
SET ONE; 
PROC SORT; 
BY IDTRIAL IOOBS STSEARCH; 
HRARARRRA RH HS 
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DATA TWO; 
SET -ONEA; 
RETAIN FOVDETI-FOVOETIO NUMFOVI-NUMFOVIO STPCNTI-STPCNTIO: 
DROP SMOOCHNG TCSRMDDE; 
oe ed Re Rhee Redehall he tehehlatelelehededehelelodet delet; 
IF AZIOO®. ANO AZ200=. THEN DELETE: *#(AZIMUTH DATA IS MISSING FROM 3} 
" THESE TRIALS: DSOOI (FT03), DSOGB (FTO0G). DSOS7 (FT0G)+3 
® OSOS8 (FTOG). DSOS9 (FTO0G). DSI6B (ALL). OSI69 (ALL); 
OS170 (ALL)» OSI77 (FTITI). OSI79 CRITI Is SSlseetei iio. 
DSIBI (FTTI). OS256 (ALL). OS264 (FTO2). DS276 (FTOI) ) 3; 
IF STSEARCH=LAG(STSEARCH) THEN DELETE: *®(THIS IS REQUIREO FROM THE 
* EFFECT DF THE MERGE IN QATA ONE. NO OATA IS LOST HERE) 
IF STSEARCH=. THEN OELETE: * (THIS IS REQUIRED BECAUSE IN DTECTALL. 
* WE DELETED ENGAGEMENTS WHERE SRCHMOOE=° ° OR °UNK’. THIS DELETED 
* THE FOLLOWING DATA: DSO29 (FTO02). DSOGB (FTO4). AND DS256 (FTT2)); 


Lf A el el hh eh 


08 0G OF OF OF OE A OE OO OE OF 0 OF OF OE OE OO OE OE OF OE OE OE Ot OF OE Ot Oe OE OO OF OE OE OE OF OE OE OF OF OF OE OE OE OE 80 OF OE Oe On OE OE Oe OE Os 
ARRAY IOTGT (1) IOTGTI-IOTGTIO; 
ARRAY DTAZ (1) DTAZ1-OTAZIO; 
ARRAY TIMIN (2) TIMINI-TIMINIO; 
ARRAY NUMIN (1) NUMINI=-NUMINIO: 
ARRAY AZ (J) AZI-AZ600; 
ARRAY FOV (J) FOV1-FOV600; 
ARRAY NUM (K) NUMI-NUM600; 
ARRAY FDVDET (1) FOVDETI-FDVDETIO: 
ARRAY NUMFOV (1) NUMFOVI-NUMFOVIO:;: 
ARRAY STPCNT (1) STPCNTI-STPCNTIO; 
aanae RESET FOR EACH OBSERVER “#880 teens 
* IDOBS IS THE NAME FROM OTAZ AND FROM DTECTALL; 
IF IDOBS NE LAG(IOOBS) THEN OO; 
00 T=] TO 10: 
FOVOET=0; NUMFOV=0; STPCNT=0; 
ENO; 
ENO: 
aannnee DO FOR EACH OF TEN TARGETS *aennnnnnman; 
oO I=1 TO 10: 
IF IDTGT=TARGET ANO OTAZ=. THEN GO TD M; 
"(CANNDT COMPUTE FDVDET WITHOUT DTAZ. SELECT NEXT TARGET.) ; 
IF STPCNT=I THEN GO TO M: #C(STOP INCREMENTING TIME AT FIRST DETECT): 
TIMIN=03 
NUMIN=0; 
IF IOTGT=TARGET ANO FIRSTOET EO 1 THEN STPCNT=1;3 "(STOP TIME FLAG)3 
seanee FOR EACH SECONO IN SEARCH PERIDO #80 en annnnnn; 
00 J=STSEARCH TO DETECTIM; 
KeJ; 
IF AZ = 0 THEN GO TO L; "(SKIP TD NEXT AZIMUTH): 
IF FOV=2I THEN FOVHALF2=I1.25; 
IF FDV22 THEN FOVMALF=7.5; 
IF FOVz8 OR FDV=9 THEN FOVHALF 24; 
teneeeeemeee QUALITY CHECK ON AZIMUTH AT OETECTION sennnnnan; 
IF J=OETECTIM AND IDTGT=TARGET THEN DO; 
IF (ABS(DTAZ-AZ) GT FOVHALF) THEN AZ=OTAZ; 
"(IF A OETECTION OCCURS OUTSIOE FOV. THEN THE AZ MUST BE OFF.; 
" THEREFORE. WE SET AZ TO OTAZ AT DETECTIM. THIS HAS THE ; 
* EFFECT OF HAVING FOVDET >21 FOR OETECTED TARGET) H 
ENO; 
seen ENO OF QUALITY CHECK 3 & 6 oe os oe ot on oe on sn ee ee ee ee ee 
” AZIM2AZ; 


oy 
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ms AZIMOTAZ=OBSTAZ-AZIM;: 
IF ABS(AZ-OTAZ) LE FOVHALF THEN DO: 
TIMIN = TIMIN * 1; = CTIMINFOV FOR EACH ENGAGEMENT); 
FOVDET=FOVDET*1; © (TIMINFOV FOR ACCUMULATED OVER OBS/TRIAL): 
NUM=1l; = (FLAG INDICATES WHEN TARGET IS WITHIN FOV); 
END: : 
IF ABS(AZ=OTAZ) GT FOVHALF THEN NUM=0; 
IF NUM=1 THEN DO: 
IF J GT 1 THEN KeJ=1; 
PREVNUM=NUM:; 
IF J=] THEN PREVNUM=O: 
IF PREVNUM=0 OR PREVNUM=. THEN DO; 
NUMIN=NUMIN*1; ® (NUMINFOV FOR EACH ENGAGEMENT); 
NUMFOV=NUMFOV*1; ® (NUMINFOV ACCUMULATED OVER OBS/TRIAL): 


END; 
END; 
Cs: ENO; 
M: END: 
" IF (ABSCAZIMOTAZ) GT 1) THEN BADAZ=° BAD’; 
" ELSE BADAZ=" ‘; 


*"PROC PRINT; 
» VAR IDTRIAL IDOBS TARGET DETECTIM IDTGT1 TIMINI FOVDET1 
" IDTGT2 TIMIN2 FOVDET2 IDTGTS TIMIN3 FOVDETS IDTGT4 TIMINS FOVDETS 
" IDTGTS TIMINS FOVDETS IDTGT6 FOVDET6 IDTGT? FOVDET? 
* IDTGTB FOVDETB IDTGT9 FOVDET9 IDTGT10 FOVDETIS 
" AZIMOTAZ BADAZ; 
* TITLE °DATA TWO’: 
OIE 
PROC SORT; 
BY IDTRIAL IDOBS; 
*PROC CHART; 
" VBAR AZIMOTAZ;: 
*® BY IDTRIAL IDOBS; 


RUN RRS 
EERE TE Bs 
DATA THREE: 
SET TWO; 
RRR RNR NNR 
RETAIN COUNT DETECTI=DETECTIO: 
DROP AZ1-AZ600 FOV1-FOV600 NUMI=NUM600 TIMINI-TIMIN1O NUMINI=NUMINIO; 
RRRRRRNHKRRNRTRRN NR: 
IF FIRSTDET NE 1 THEN DELETE: 
IF TARGET=°UNK® THEN DELETE; 
POO CUE UU RTO EEE EE 
ARRAY DETECT (1) DETECT1-DETECT10; 
ARRAY STPCNT (1) STPCNT1=-STPCNT10O; 
ARRAY LAGSTP (1) LAGSTP1-LAGSTP103 
aunnee RESET FOR EACH OBSERVER Se RB RRR RRR RRR 
IDOBSLAG=LAGC(IDOBS ); 
IF IDOBS NE IDOBSLAG THEN DO; 
COUNT = 0:3 
DO I=] TO 103% 
DETECT=0; 
END; 
END; 
POU URI UUEP IEEE EEE Le 
COUNT=COUNT*1; & (COUNTS THE ENGAGEMENTS BY EACH OBSERVER); 


aeeemeeeee FOR EACH TARGET S98 Rann nnn 


Se 


OG I = 71 16 40; 
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LAGSTP=LAG(STPCNT): *® CLAST STOP TIME FLAG FOR THIS TARGET); 


IF IDOBS NE IDOBSLAG ANO STPCNT=1 THEN DETECT=1; 


IF IDOBS EQ IDOBSLAG AND STPCNT=1 AND LAGSTP=0 THEN DETECT=1; 


ENO; 
"PROC PRINT: 


» VAR IDTRIAL IDOBS FIRSTDET DETECTIM TARGET DETTODET 


4 IDTGT1 FOVDET1 DETECT! IDTGT2 FOVOETZ 

" OETECT2 IDTGT3 FOVDETS DETECTS IDTGTS FOVDETS DETECTS IDTGTS 

” FOVOETS DETECTS IO0TGT6 FOVDET6 OCETECT6 IOTGT? FOVOET?7 OCETECT? 
" IDTGTS FOVDET8 OETECT8 IOTGT9 FOVDET9 DETECTS IDTGT10 FOVOETIO 
" DETECTI10; 


* TITLE *DATATHREE’ ¢ 
TOOT UII 
PROC SORT; 
BY IOTRIAL IOOBS; 
PROC MEANS NOPRINT OCATA=THREE MAX; 
VAR COUNT: 
BY IDTRIAL IDOBS; 
OUTPUT OUT=FOUR MAX=MAXCOUMT ; 


PTI TIT 
PTI TTI 
OATA FIVE: 
MERGE THREE FOUR; 
BY IDTRIAL IOOBS; 
RETAIN MAXCOUNT:; 


Reena ee eee 
Red etedeteteletelelelelt? 
DATA SIX: 

SEgsG ive: 


RETAIN CAMOUF1-CAMOUF10 EXPOSE1-EXPOSE10 ENGINE1-ENGINE1O 
DTECTM1-DTECTM10 DETDETI-~DETDET10 SRCHOT1~-SRCHDT10; 


ARRAY IOTGT (I) IOTGT1~1DTGT10; 
ARRAY CAMOUF (1) $ CAMOUF1~-CAMOUF1O; 
ARRAY EXPOSE (1) S$ EXPOSE1-EXPOSE10; 
ARRAY TENGINE (1) $ ENGINE1-ENGINE1O?; 
ARRAY SRCHDT (1) SRCHDT1-SRCHDT10; 
ARRAY DETDET (1) OETDET1-OETOETIO; 
ARRAY DTECTM (I) DTECTM1-DTECTM10; 
ARRAY SIGHT (1) $ SIGHT1~S1GHT10; 
ARRAY OETECT (1) DETECTI-OETECTIO; 
ARRAY FOVDET (1) FOVDETI-FOVDETIO: 
ARRAY OTECTD (1) $ OTECTDI-OTECTOIO: 
ARRAY NRANGE (1) $ NRANGE1-NRANGEILO: 
sane OO FOR EACH TARGET S8e nearer: 
IOOBSLAG=LAG(IOOBS); 
oo 1 = 1 TO 10; 


CAMOUF=CAMOUFLG; TENGINE2ENGINE: EXPOSE=TGTEXPOS:; 


NR ANGE =NOMR ANGE : 

SIGHT=* NO‘; 

IF OETECT=0 THEN DO; 
DTECTO=* NO’; 
DTECTM=.; OE€TOET#.; SRCHOT=.3; FOVOET=.; 
END: 

IF DETECT=1 THEN DO; 


IF SRCHMODE=*THM/THM’ OR SRCHMODE="OPT/OPT’ OR CREWMEMB=’°GUNR* 


THEN SIGHT=*YES’; 
IF SRCHMOOE="OPT/OPT’ OR SRCHMODE="EYE/OPT’ 
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OR (SRCHMODE=°EVYE/THM' 
IF SRCHMODE=° THM/THM’" 
THEN DTECTD='THM® ; 


OR (SRCHMODE="EYE/THM' 
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AND CREWMEMB=*TCDR') THEN DTECTD='VIS’: 


AND CREWMEMB=°GUNR® ) 


* TARGET IS THE VARIABLE NAME FROM DTECTALL RELATED TO EACH DETECTION 3 


* IDTGT1-IDTGT1O ARE THE TARGETS FROM OTAZ ORDERED FROM LEFT TO RIGHT 


IF TARGET = IDTGT AND FIRSTDET=1 THEN DO; 
DTECTM=DETECTIM; 
DETDET=DETTODET:; 
SRCHDT=SSTTODET;: 


END; 


END; 


END; 
OO On 00 08 8 00 8 OF 08 O08 OF 00 DOU OU 00 ON DU ON OU 00 ON OU 00 OU OU ON Ou OU OD OF OU OU ON pn On Kc Ou mn DN OF OD ND OD 


IF COUNT NE MAXCOUNT THEN DELETE; 


TL 
DATA SEVEN; 
SET SIX; 


ARRAY 
ARRAY 
ARRAY 
ARRAY 
ARRAY 
ARRAY 
ARRAY 


IDTGT (3) $ IDTGTI-IDTGT10; 


LOGTIM 
DTECTM 
SRCHDT 
DETDET 
FOVDET 
DTECTD 


TOTDTECT=0; 


DO I=!i TO 10: 


(1) 
Cr) 
(1) 
(1) 
Ci 


IF DTECTD NE * NO" 


LOGTIMI-LOGTIM10; 
OTECTM1-DTECTM10; 
SRCHDT1-SRCHDT10; 
DE TDET1-DETDET10; 
FOVDET1-FOVDET10; 
(1) $ DTECTD1-DTECTD1O; 


IF FOVDET=0 THEN FOVDET=.; 
LOGTIM=LOG(FOVDET): 
IF DTECTM=0 THEN DTECTM=.; 
IF DETDET=O THEN DETDET=.; 
IF IDTGT="TO?7" 

IDTRIALS°DS123°) THEN LINK BADAZ; 


IF IDTGT='HK52" AND (IDTRIAL=°DS177' 


AND CIDTRIAL#’DS121’° 


THEN LINK BADAZ; 


END; 
RETURN; 


BADAZ: DETDET=.; 


SRCHDT=, 3 
FOVDET=.3 
DTECTM=.; 


RETURN; 


THEN TOTDTECT=TOTDTECT?1; 


OR IDTRIAL="DS122° 


TOC rririrriviiviririr iyi se: 
"PROC PRINT; 
VAR IDTRIAL IDOBS TOTDTECT 


IDTGT1 
IDTGT2 
IDTGT3 
IDTGT4 
IDTGTS 
IDTGT6 
IDTGT7 
IDTGT8 
IDTGT9 


DTECTD1 
DTECTD2 
DTECTD3 
DTECTD4 
DTECTDS 
DTECTD6 
DTECTD?7 
DTECTD8 
DTECTD9 


DTECTM1 
DTECTM2 
DTECTM3 
DTECTM4G 
DTECTMS 
DTECTM6 
DTECTM?7 
DTECTMS 
DTECTM9 


DETDET1 
DETDET2 
DETDET3 
DETDET4 
DETDETS 
DETDET6 
DETDET?7 
DETDETS 
DETDET9 


SRCHDT1 
SRCHDT2 
SRCHDT3 
SRCHDT4 
SRCHDTS 
SRCHDT6 
SRCHDT7 
SRCHDT8 
SRCHDT9 


FOVDET1 
FOVDET2 
FOVDET3 
FOVDET4 
FOVDETS 
FOVDET6 
FOVDET7 
FOVDETS 
FOVDET9 


OR 


OR IDTRIAL=’DS17B° ) 


IDTGT10 DTECTD1O DTECTM10 DETDET1O SRCHDT10 FOVDETIO; 
TITLE ‘TIMINFOV LISTING’: 
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TITLES 

TITLES “TARGETS 1-10 (SORTED FROM LEFT TO RIGHT)*$ 

TITLES *TIMES TO FIRST DETECTION OF EACH TARGET’; 

TETLES * *3 

TITLE6 *DTECTD = WHETHER TARGET WAS DETECTED (VISUAL OR THERMAL)'; 
TITLE? ‘DETDET = SECONDS BETWEEN DETECTIONS’: 

TITLES *SRCHDT = SECONDS FROM START SEARCH TO DETECTION’; 

TITLES *FOVDET = SECONDS EACH TARGET CAME WITHIN FIELD OF VIEW": 


"PROC PRINT? 


VAR IDTRIAL IDOBS TRLSITE AIRTEMP SRCHMODE HATCH MOPP TOTDTECT 


IDTGTI 
IDTGT2 
IDTGT3 
IDTGTS 
IDTGTS 
IDTGT6 
IDTGT7 
IDTGTB 
IDTGT9 


TGTYPE) 
TGTYPE2 
TGTYPE3 
TGTYPES 
TGTYPES 
TGTYPE6 
TGTYPE7 
TGTYPES 
TGTYPE9 


RANGE! 
RANGE 2 
RANGE 3 
RANGES 
RANGES 
RANGE6 
RANGE? 
RANGEB 
RANGE 9 


SIGHTI 
SIGHT2 
SIGHTS 
SIGHTS 
SIGHTS 
SIGHT6 
SIGHT7 
SIGHTS 
SIGHTS 


ENGINEI 
ENG INE2 
ENGINES 
ENGINES 
ENGINES 
ENGINE6 
ENGINE? 
ENGINES 
ENGINE? 


VISCNTI 
VISCNT2 
VISCNT3 
VISCNT4 
VISCNTS 
VISCNT6 
VISCNT? 
VISCNT8 
VISCNT9 


TMPCNT 1 
TMPCNT2 
TMPCNT3 
TMPCNTS 
TMPCNTS 
TMPCNT6 
TMPCNT7 
TMPCNTB 
TMPCNT9 


IDTGT10 TGTYPEIO RANGEIO SIGHTIO ENGINEIO VISCNTIO TMPCNTIO; 


TITLES “TARGETS 1-10 (SORTED FROM LEFT TO RIGHT)*; 

TITLES *TIMES TO FIRST DETECTION OF EACH TARGET’: 

TITLES; 

TITLE6 *SIGHT = WHETHER A SIGHT WAS USED IN DETECTION'; 

TITLE? *VISCNT = TARGET VISUAL CONTRAST WITH S8ACKGROUND®: 
TITLEB *TMPCNT = TARGET TEMPERATURE CONTRAST WITH BACKGROUND’; 


Bee seunannnes 


DATA EIGHTA: 


SET SEVEN: 
ARRAY SRCHDT (1) SRCHDT2~SRCHDTIO: 
ARRAY DETDET (1) DETDET2-DETDETIO: 
ARRAY FOVDET (1) FOVDET2-FOVDETIO: 
ARRAY FOVBIN (J) FOVBINI-FOVBINIO: 
ARRAY SRCBIN (J) SRCBINI~SRCBINIO: 
ARRAY DETBIN (J) DETBINI-DETBINIO: ; 
DO JsI TO 10: 
FOVBIN®0; SRCBIN=0; DETBIN=0; 
END: 
wen THIS PUTS FOVDET AND SRCHDT TIMES INTO BINS OF INTERVAL 16 eaunuan; 
DO I=] TO 9; 
LOLIMIT=0;  UPLIMIT=16; 


DO J=I TO 10% 
IF UPLIMIT LT 250 THEN DO; 
IF (FOVDET GT LOLIMIT) AND (FOVDET LE UPLIMIT) THEN FOVBIN=FOVBIN¢I; 
IF (SRCHDT GT LOLIMIT) AND (SRCHDT LE UPLIMIT) THEN SRCBIN=SRCBIN¢I; 
LOLIMITSLOLIMIT+16; 
UPLIMI TSUPLIMIT+*163 


END; 
END; 
END: 
aeseeeee THIS ROUTINE PUTS DETDET TIMES INTO BINS OF INTERVAL 20 sanan; 
DO IsI TO 93 
LOLIMIT=0; UPLIMIT=20; 


DO J=l TO 103 
IF UPLIMIT LT 300 THEN DOs 
IF (DETDET GT LOLIMIT) AND (DETDET LE UPLIMIT) THEN DETBIN=DETBIN®13 
LOLIMIT=LOLIMIT*20; 
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UPLIMIT#@UPLIM1T*203 


END; 
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END; 
END; 
"PRDC MEANS NDPRINT; 
* VAR FDVBIN] FDVBIN2 FDVBIN3 FOVBING FDVBINS 
“ FDVBIN9 FDVBIN1O 


FDV8IN6 FDVBIN7 FDVBINS 


sl SRCBIN1 


SRCBINY 
DETSIN1 
DETBIN9Y 


SUMFDV7 
SUMSRC1 
SUMSRC7 
SUMDET1 
SUMDET7 


"PRDC PRINT; 


VAR SUMFOV1 


SUMFDV7 
SUMSRC1 
SUMSRC7 
SUMDET1 
SUMDET7 


SRCBIN2 SRCBIN3S SRCBING SRC81N5 SRCBIN6 SRCBIN7 SRCBINS 
SRCBINIO 


DETBIN2 DETBIN3 DETBING DETBINS DETBIN6 DETBIN7 DETBINS 


DETBINIO; 


SUMFOV8 
SUMSRC2 
SUMSRCB 
SUMDET2 
SUMDETS 


SUMFOV2 
SUMFDV8 
SUMSRC2 
SUMSRCB 
SUMDET2 
SUMDETB 


SUMFOV9 
SUMSRC3 
SUMSRC9 
SUMDET2 
SUMDET 9 


SUMFOV3 
SUMFDV9 
SUMSRC3 
SUMSRC9 
SUMDET3 
SUMDET 9 


SUMFDV10 
SUMSRCS SUMSRCS5 
SUMSRC10 
SUMDET4 SUMDETS 
SUMDET10; 


SUMFDV4 SUMFDVS5 
SUMFOV10 
SUMSRC4 SUMSRCS5 
SUMSRC10 
SUMDETS SUMDETS 
SUMDET1O; 


SUMSRC6 


SUMDET6 


SUMFOV6 


SUMSRC6 


SUMDET6 


DUTPUT DUT=EIGHTB SUM=SUMFDV1 SUMFDV2 SUMFDV3 SUMFDV4 SUMFDVS SUMFDV6 


» TITLE ‘GEDMETRICAL DRDER'; 


TTT 
TIT II ir 
DATA TEN: 
SET SEVEN; 
#PROC CHART: 
» V8AR FDVDET1 FDVDET2 FOVDET3 FDVDETS 
" FDVDET9 FOVDET1O /TYPE=PERCENT 
" MIDPOINTS=8 246 460 56 72 88 104 120 136 152 168 184; 


FOVDETS FOVDET6 FDVDET? FOVDETS 


» TITLE1 ‘TIMINFDV LISTING’? 

*: TITLEZ *3*: 

» TITLES ‘DISTRIBUTIDN DF FDV-TO-DET BY PDSITIDN': 

* TITLEG *C(SECDNDS EACM TARGET CAME WITMIN FDV UNTIL DETECTION)‘; 
we TITLES “*; 

* TITLE6 ‘TARGETS SDRTED FRDM LEFT TO RIGHT‘; 


"PRDC CHART: 
» VBAR SRCHDT1 SRCHDT2 SRCHDT3 SRCHDT4 SRCHDTS SRCHDT6 SRCHDT7 SRCHDTS 


" SRCHDT9 SRCHDT10 /TYPE=PERCENT 
" MIDPOINTS28 24 40 56 72 88 104 120 136 152 168 184; 
» TITLES ‘DISTRISUTION DF SEARCH-TO-DET 8Y POSITION’; 


* TITLES *(SECONDS FROM START SEARCH TD DETECTION)’$ 
w - TITLES = ae 
» TITLE6 ‘TARGETS SORTED FROM LEFT TD RIGHT’: 


*PROC CHART; 
* VBAR DETDET! DETDET2 DETDET3 DETDETG DETDETS DETDET6 DETDET?7 DETDETS 


" DETDET9 DETDET1O /TYPE=PERCENT 

" MIDPDINTS=10 30 50 70 90 110 130 150 170 190; 
» TITLE3 ‘DISTRIBUTION OF DET-TO-DET 8Y POSITION’; 

» TITLES4 ‘(SECONDS SETWEEN DETECTIONS)’: 

Be TLFLES * *% 

» TITLE6 ‘TARGETS SDRTED FROM LEFT TO RIGHT’? 


"PROC UNIVARIATE: 
™ VAR FOVDET! FOVDET2 FOVDET3 FDVDETS4 FDVDETS FDVDET6 FOVDET7 FOVDETS 
" FOVDET9 FOVDET10 
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" SRCMDT1 SRCMDT2 SRCHDT3 SRCMDTS SRCHDTS SRCMDT6 SRCMDT7 SRCMDTBS 

* SRCMDT$ SRCHDT10 

" DETDETI DETDET2 DETDETS DETDETS DETDETS PETES DElbal7 soslte 

" DETDETS DETDET1IO; 

* TITLE] ‘TARGETS SORTED LEFT TO RIGMT'; 

®PROC CMART; 

® VBAR DETDETI DETECT2 DETECTS DETECTS DETECTS DETECT6 DETECT? DETECTS 
" DETECTS DETECT1O /TYPE=PERCENT:; 

® TITLE *TARGETS SORTED LEFT TO RIGHT'; 


PCCP 
Ram mem 
DATA EIGMT; 
SET SEVEN; 
ARRAY DTECTM (1) DTECTMI-DTECTMIO; 
aanuaeenememe SORT VARIABLES BY DETECTIM se ee nannnennnnennn en; 
DD I=! TO 10: 
IF DTECTM=. TMEN DTECTM=399; 
END: 
CMNGFLAG=1; 
DO WMILE (CMNGFLAG=1); 
CHNGFLAG=0; 
IF (DTECTMI GT DTECTM2) THEN DO: 


IF (DTECTM2 


DTECTMIA=DTECTM1; 
IDTGTIA=IDTGTI: 
RANGEIA=SRANGEI ; 
NRANGE I A=NRANGE 1; 
TMPCNTIA=TMPCNTI1; 
VISCNTIA=VISCNT1; 
CONDITIA=CONDIT1: 
TGTYPEIA=TGTYPEI; 
DTECTDIA=DTECTD1; 
DETECTIA2DETECTI: 
SIGMTIA=SIGMT1:; 
DETDETIASDETDETI;: 
SRCMDTIA=SSRCMDTI; 
FOVDETIA=FDVDETI; 
NUMFOVIASNUMFOVI ; 
CMNGFLAG=I: END; 


DTECTM2ZA=DTECTM2: 
IDTGT2A=IDTGT2: 
RANGE2ZA=RANGE?2; 
NRANGEZASNRANGE?; 
TMPCNT2A=TMPCNT2; 
VISCNT2A=VISCNT2; 
CONDIT2A=CONDIT2; 
TGTYPE2ZASTGTYPE2: 
DTECTD2A=DTECTDe; 
DETECT2ZAsDETECT?:; 
SIGHT2A=SIGHT2; 
DETDET2ZA=DETDET2; 
SRCHDT2A=SRCMDT2; 
FOVDET2A=FOVDET2; 
NUMF OV2A=NUMFOVE ; 
CHNGFLAG=1; END; 


DTECTMSA=DTECTM3: 
IDTGT3A=IDTGT3; 


DTECTM1=DTECTM2: 
IDTGT1=IDTGT2: 
RANGE I =RANGE2;: 
NRANGE 1 =NRANGE2 3 
TMPCNT1=TMPCNT2; 
VISCNT1=VISCNT2: 
CONDIT1=CONDIT2; 
TGTYPE1LSTGTYPE2: 
DTECTDI=DTECTD2: 
DETECTI=DETECT2: 
SIGMT1=SIGMT2; 
DETDETI=DETDET2; 
SRCHDT1=SRCMDT2; 
FOVDETI=FOVDET2; 
NUMFOV 1 sNUMFOV2 ; 


GT DTECTM3) TMEN DD; 
DTECTM2=DTECTM3; 


IDTGT2=IDTGT3; 
RANGE2 =RANGES ; 
NR ANGE2=NRANGES ; 
TMPCNT2=TMPCNT3; 
VISCNT2=VISCNT33 
CONDI T2=CONDITS: 
TGTYPE2=TGTYPES; 
DTECTD2=DTECTDS; 
DETECT2=DETECTS:; 
SIGMT2=SIGMTS3; 
DETDET2=DETDETS: 
SRCMDT2=SRCHDTS; 
FOVDET2=FOVDETS: 
NUMFOV2 =NUMFOVS3S ; 


IF (DTECTM3 GT DTECTM4) TMEN DO; 
DTECTMS=DTECTMG: 


IDTGTS=IDTIGTG; 
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DTECTM2=DTECTMIA$ 
IDTGT2=IDTGTILA;} 
RANGE2=RANGETA: 
NRANGE2 =NRANGELA; 
TMPCNT2=TMPCNT 1A; 
VISCNT2=VISCNT1A; 
CONDIT2=CONDITIA; 
TGTYPE2=TGTYPELA: 
DTECTD2=DTECTDIA;: 
DETECT2=DETECTIA: 
SIGMT2=SIGHT1LA: 
DETDET2=DETDETIA: 
SRCMDT2=SRCMDTIA; 
FOVDET2 =FOVDETIA;: 
NUMFDV2 sNUMFDVIA; 


IDTGT3sIDTGT2A; 

RANGE 3=RANGE2A; 

NRANGE3=NRANGE2ZA: 
TMPCNT3=TMPCNT2A; 
VISCNTS3=VISCNT2A; 
CONDIT3=CONDIT2A; 
TGTYPES=TGTYPE2ZA; 
DTECTD3=DTECTD2A; 
DETECT3=DETECT2A: 
SIGHT3=SIGMT2A; 

DETDET3=DETDET2A; 
SRCHDT3=SRCMDT2A: 
FOVDET3=FOVDET2A; 
NUMFOV3=NUMFOV2A; 


IDTGTGSIDTGTSA; 


DTECTM3=DTECTM2As 


DTECTMG=2DTECTM3A; 


RANGE 3A=RANGES 5 

NRANGE 3A2NRANGES ; 
TMPCNTSA=TMPCNT 3; 
VISCNTSA=VISCNT3; 
CONDI T3A=CONDIT3;: 
TGTYPE3A=TGTYPE3; 
DTECTOSA=DTECTD3:;: 
DETECT3A=DETECT3; 

SIGHT3A=SIGHT3; 

OETDETSA=DETDETS3: 
SRCHDT3A=SRCHDT3; 
FOVOET3A=FOVDET3; 
NUMFOV3A=NUMFOV3 ; 
CHNGFLAG=1; ENO; 


DTECTMGA=DTECTMG ; 
IOTGTGA=IDTGTG; 
RANGEGA=RANGEG ; 
NRANGEGA2NRANGEG ¢ 
TMPCNTGA= TMPCNTG ; 
VISCNTGASVISCNTG; 
CONOITGA=CONOITG; 
TGTYPEGA=TGTYPESG; 
DTECTOGA=DTECTDG; 
OETECTGASOETECTG; 
SIGHT4A=2SIGHTG; 
DETDET4A=OETOETG ;: 
SRCHOTSA=SRCHDT4; 
FOVOETGA=FOVDETG; 
NUMFDVGA=NUMFOVG 3 
CHNGFLAG=1; ENO; 


DTECTMSA=DTECTMS ; 
IDTGTSA=IDTGTS; 
RANGES A=RANGES ; 
NRANGESA=NRANGES ; 
TMPCNTSA=TMPCNTS ; 
VISCNTSASVISCNTS ; 
CONDITSA=CONDITS; 
TGTYPESA=TGTYPES; 
OTECTOSA=DTECTDS; 
DETECTSA=DETECTS; 
SIGHTSA=SIGHTS; 
DETOETSA=DETOETS: 
SRCHOTSA=SRCHDTS; 
FOVOETSA=FOVDETS : 
NUMFOVSA=NUMF OVS 
CHNGFLAG=1; END; 


OTECTM6A=OTECTMG; 
IOTGT6A=IOTGTE; 

RANGE6A=RANGES ; 

NRANGE6A=NRANGEGE ; 
TMPCNT 6A=TMPCNT6; 
VISCNT6A=VISCNT6; 
CONOIT6A=CONOI T6; 
TGTYPE6A=TGTYPE6 S$ 
OTECTO6A=OTECTO6; 


RANGES =RANGEG}3 

NR ANGE 3=NRANGEG ; 
TMPCNT3S=TMPCNTG; 
VISCNT3S=VISCNTG; 
CONDIT3=CONOI TG; 
TGTYPES=TGTYPES; 
DTECTDOS=DTECTO<G; 
DETECT3=DETECTG; 

SIGHT3=SIGHTG; 

DETDETS=DETDETG; 
SRCHDT3=SRCHOTG; 
FOVOET3=FOVOETG; 
NUMFOV3 =NUMFOVG ; 


IF (DTECTM4 GT OTECTMS) THEN DD; 
DTECTM4=DTECTMS; 


IDTGT4=IOTGTS; 

RANGEG =RANGES ; 

NRANGEG=NRANGES ; 
TMPCNTG=TMPCNTS; 
VISCNTG=VISCNTS ; 
CONOITG=CONOITS ; 
TGTYPEG=TGTYPES ; 
DTECTDG=DTECTDS: 
DETECTS =OETECTS: 
SIGHTG=SIGHTS; 

DETDET4=DETOETS: 
SRCHDT4=SRCHDTS ; 
FOVDET4=FDVDETS; 
NUMFOVG =NUMFOVS ; 


IF (DTECTMS GT DTECTM6) THEN DD; 
DTECTMS =DTECTM6 ; 


IDTGTS=IDTGT6: 
RANGES =RANGE6 ; 
NRANGES5 =NRANGE6; 
TMP CNTS = TMPCNT6 ; 
VISCNTS =VISCNT6; 
CONDI TS=CONOIT6; 
TGTYPES=TGTYPE6;: 
DTECTOS=OTECTDE:; 
DETECTS=DETECT6; 
SIGHTS=SIGHT6; 
DETDETS=OETDET6: 
SRCHDTS =SRCHOT6; 
FOVOETS =FOVDET6; 
NUMFOVS =NUMFOV6 ; 


IF (DTECTM6 GT DTECTM7) THEN DD; 
OTECTM6=DTECTM7 ;: 


IDTGT6=IDTGT7; 

RANGE 6 =RANGE7 ; 

NR ANGE 6 =NRANGE7 } 
TMPCNT6=TMPCNT7 3 
VISCNT6=VISCNT7; 
CONOIT62CDNOIT7: 
TGTYPE6=TGTYPE7: 
DTECTO6=OTECTD7; 
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RANGES =RANGESA;: 
NRANGEG =NRANGE SA; 
TMPCNTSG =TMPCNT 3A; 
VISCNTG=VISCNT3A; 
CONOITG4=CONOITSA; 
TGTYPEGSTGTYPE3A; 
DTECTDG=OTECTDSA: 
DETECTG=DETECTSA: 
SIGHTGsSIGHT3A; 
DETDETG=DETDETSA: 
SRCHDT4=SRCHDT 3A; 
FOVDETS s<FOVDET 3A; 
NUMFOVG =NUMFOV 3A; 


IOTGTS=IDTGTGA; 

RANGES =RANGEGA; 

NRANGES =NRANGEGA: 
TMPCNTS =TMPCNTGA; 
VISCNTS=VISCNTGA; 
CONOITS=CDNOITGA:;: 
TGTYPES =TGTYPEGA; 
OTECTDS =OTECTOGA; 
DETECTS=DETECTGA; 
SIGHTS=SIGHTGA; 

DETDETS =OETDETGA; 
SRCHDTS=SRCHDTGA; 
FOVDETS =FOVDETGA; 
NUMFOVS =NUMFOVGA; 


IDTGT6=IOTGTSA; 
RANGE 6 =RANGESA; 
NRANGE6=NRANGESA; 
TMPCNT6 =TMPCNTSA; 
VISCNT6=VISCNTSA} 
CONOIT6=CONOI TSA; 
TGTYPE6=TGTYPESA; 
DTECTD6é=OTECTOSA; 
DETECT6=OETECTSA: 
SIGHT6=SIGHTSA; 
OETDET6=DETDETSA:;: 
SRCHOT6=SRCHDTSA; 
FOVOET6=FOVDETSA; 
NUMFOV6 =NUMFOVSA;: 


IDTGT7=IOTGT6A; 
RANGE 7 =RANGE6A: 
NRANGE7=NRANGE6GA; - 
TMPCNT7=TMPCNT6A; 
VISCNT7=VISCNT6A; 
CDNOIT7=CONDIT6A: 
TGTYPE7=TGTYPE6A; 
OTECTO7=OTECTD6A; 
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DTECTMS =OTECTMGA;: 


DTECTM6=DTECTMSA: 


OTECTM7=DTECTM6A: 


DETECT6A=DETECTE; 
SIGHT6A2=SIGHT6; 
DETDET6A=DETDET6: 
SRCHDT 6A=SRCHDT6; 
FOVDET6A=FOVDET6:; 
NUMFOV6A2NUMFOVE ; 
CHNGFLAG21; END: 


DTECTH7A=DTECTH? ; 
IDTGT7A=IDTGT7 
RANGE7 A=RANGE?7 ; 
NRANGE 7 A=NRANGE7 ; 
THPCNT7A=THPCNT7 : 
VISCNT7A2SVISCNT7:; 
CONDIT7AsSCONDIT7:; 
TGTYPE7A2=TGTYPE7; 
DTECTD7A=DTECTD?7: 
DETECT7A=DETECT7: 
SIGHT 7AzSIGHT7; 
DETDET7A=DETDET7:; 
SRCHDT7A=SRCHDT7; 
FOVDET7A=FOVDET?7; 
NUHF DV7A=NUMFDV7 ; 
CHNGFLAG=1; END; 


DTECTMBA=DTECTMS; 
IDTGT8A=IDTGTB; 
RANGEBASRANGES:; 
NRANGESAENRANGES ; 
TMPCNT8A=TMPCNT8; 
VISCNT8A=VISCNT8; 
CDNDI T8A=CONDITS: 
TGTYPE8A=TGTYPES8; 
DTECTDSA=DTECTDS; 
DETECT8A=DETECTS; 
SIGHT8A=SIGHTS3 
DETDETSA=DETDETS; 
SRCHDT8A=SRCHDTS8;: 
FOVDET8A=FOVDETS8; 
NUMFOV8SA=NUMFOV8 ; 
CHNGFLAG=1; END; 


DTECTH9A=DTECTM9; 
IDTGT9A=IDTGT9I; 
RANGE 9A=SRANGES; 
NRANGE 9A=NRANGE9Y; 
THPCNT9A=STMPCNT9;: 
VISCNT9A=VISCNT 9; 
CONDI T9A=CONDITS; 
TGTYPE9A=TGTYPES; 
DTECTD9A=DTECTDI; 
DETECT9A=DETECTS: 
SIGHT9A=SIGHTS:; 
DETDET9A=DETDETS: 
SRCHDT 9A=SRCHDT 9; 
FOVDET 9A=FOVDETS: 
NUMFOV 94 =NUMFOV9 ;: 
CHNGFLAG=1; END; 


DETECT6=DETECT?; 
SIGHT6=SIGHT?; 
DETDET6=DETDET?; 
SRCHDT6=SRCHDT7 ; 
FOVDET6=FOVDET? ; 
NUMFOV6 =NUMFOV7 ¢ 


IF (DTECTH? GT DTECTM8) THEN DO: 
DTECTM7=DTECTM® ; 


IDTGT7=IDTGT8; 
RANGE? =RANGES; 
NRANGE7 =NRANGESB ; 
TMPCNT7=THPCNTS: 
VISCNT7=VISCNT8; 
CONDIT7=CONDITS: 
TGTYPE?7 =TGTYPE8: 
DTECTD7=DTECTDS: 
DETECT7=DETECTS: 
SIGHT7=SIGHT8; 
DETDET7=DETDETS:; 
SRCHDT7=SRCHDTB:; 
FOVDET?7 =FOVDET8: 
NUHFDV7 =NUMFDV8 ; 


IF (DTECTM8 GT DTECTH9) THEN DO: 
DTECTM8=DTECTH9: 


IDTGT8=IDTGT9; 
RANGES =RANGES ; 
NRANGE8 =NRANGES ; 
TMPCNTS=TMPCNT9:; 
VISCNT8=VISCNT9; 
CDNDIT8=CONDIT9; 
TGTYPE82TGTYPE9; 
DTECTDS=DTECTD9:; 
DETECT8=DETECT9; 
SIGHTS=SIGHT9: 
DETDET8=DETDETS: 
SRCHDT8=SRCHDT9; 
FOVDET8=FOVDET 9; 
NUMFDV8 =NUMFDV9 ; 


IF (DTECTM9 GT DTECTHIO) THEN DO; 
DTECTM9=DTECTM10; 


IDTGT9SIDTGTIO: 

RANGE 9=RANGE 10; 

NR ANGE 9=NRANGE 10; 
TMPCNT 9=THPCNT IO; 
VISCNT9=VISCNT10; 
CDNDIT9=CONDITIO; 
TGTYPE9=TGTYPE1O: 
DTECTD9=DTECTDIO; 


DETECT9=DETECTI1O:, 


SIGHT9=SIGHT10; 
DETDET9=DETDET1O;: 
SRCHDT9=SRCHDT10: 
FOVDET9=FOVDET1O; 
NUMFOV 9 =NUHFOV10; 
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DETECT7=DETECT 6A; 
SIGHT7=SIGHT6A3 
DETDET7=DETDET6A: 
SRCHDT7 =SRCHDT6A; 
FOVDET7=FOVDET 6A; 
NUMFOV? =NUMFOV6A; 


DTECTMB=DTECTH7A; 
IDTGT8=IDTGT7A; 
RANGES =RANGE7A; 
NRANGES =NRANGE7A; 
TMPCNTS=TMPCNT 7A; 
VISCNT8=VISCNT7A; 
CONDIT8=CONDIT7A; 
TGTYPE8=TGTYPE7A; 
DTECTD8=DTECTD7A; 
DETECT8=DETECT7A; 
SIGHT82SIGHT7A: 
DETDET8=DETDET7A; 
SRCHDT8=SRCHDT7A; 
FOVDET8=FOVDET7A;: 
NUHFDV8 =NUMFOV7A; 


DTECTH9=DTECTMBA; 
IDTGT9SIDTGTBA; 
RANGE9 =RANGEBA; 
NR ANGE 9 =NRANGEBA ; 
TMP CNT 9=TMPCNT8A; 
VISCNT9=VISCNT8A; 
CONDIT9=CDNDIT8A: 
TGTYPE9=TGTYPEBA; 
DTECTD9=DTECTDBA: 
DETECT 9=DETECTB8A; 
SIGHT 9=SIGHT8A; 
DETDET9=DETDETSAs 
SRCHDT 9=SRCHDT8A?: 
FOVDET 9=FOVDETS8A; 
NUMFDV9=NUMFDVBA; 


DTECTHIO=DTECTH9A; 
IDTGTIOZIDTGT9A: 
RANGE I0=RANGE9A;: 
NRANGE I 0=NRANGE 9A; 
THPCNTIO=TMPCNT 9A: 
VISCNTIO=VISCNT9A; 
CONDIT10=CDNDIT9A; 
TGTYPE10=TGTYPE9A; 
DTECTDIO=DTECTD9A: 
DETECT1O=DETECT9A; 
SIGHT10=SIGHT9A; 
DETDETIO=DETDET9A; 
SRCHDT I 0=SRCHDT9A; 
FOVDET10=FOVDET9A: 
NUMFOV I0=NUMFOV9A; 


END; 


DO T=] TO 10; 
IF DTECTM=999 THEN DTECTM=.;3 


END; 
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CHARON END OF SORT a oc ot ot oc on on oe ot on oe oe oe ot on ot oe ot Ot Ot Ot Ot OF ot On OF Ot Ot Ot Ot OF OF OE ats 
*PROC PRINT; 
VAR IDTRIAL IDO8S TOTDTECT 


IDTGT1 
IDTGT2 
IDTGT3 
IDTGT4 
IDTGTS 
IDTGT6 
IDTGT?7 
IDTGT8 
IDTGT9S 


DTECTD1 
DTECTD2 
DTECTD3 
DTECTD4 
DTECTDS 
DTECTD6 
DTECTD? 
DTECTDS 
DTECTDS 


DTECTM1 
DTECTM2 
DTECTM3 
DTECTM4 
DTECTMS 
DTECTM6 
DTECTM? 
DTECTMS 
DTECTM9I 


DETDET1 
DETDET2 
DETDET3 
DETDETS 
DETDETS 
DETDET6 
DETDET?7 
DETDETS 
DETDETS 


SRCHDT1 
SRCHDT2 
SRCHDT3 
SRCHDTS 
SRCHDTS 
SRCHDT6 
SRCHDT7 
SRCHDTS 
SRCHDT 9 


FOVDET1 
FOVDET2 
FOVDET3 
FOVDET4 
FOVDETS 
FOVDETS6 
FOVDET? 
FOVDETS 
FOVDETS 


IDTGT10 DTECTD1O DTECTM10 DETDET10 SRCHDT10 FOVDETIO; 


TITLE ‘TIMINFOV LISTING’; 


monke2. 
TITLES 
TITLES 
TITLES. * 


“TIMES TO 


TITLE6 
TiTCE7 
TITLES 
TATEE? 


*DTECTD 
*DETDET 
*SRCHDT 
*FOVDET 


PROC CHART; 
VBAR FOVDET1 FOVDET2 FOVDET3 FOVDETS FOVDETS FOVDET6 FOVDET? FOVDETS 
FOVDET9 FOVDETIO/TYPE=PERCENT 
MIDPOINTS=8 24 40 56 72 88 104 120 136 I52 168; 
*TIMINFOV LISTING’; 


PROC UNIVARIATE; 


eg 
Tice. 
TITLES 
TITLES 
PItces 
TITLE6 


Miaces 
TITLES 
TITEES 
TETEES 


VBAR DETDET1 DETDET2 DETDET3 DETDETS DETDETS DETDET6 


DETDETS DETDET1O/TYPE=PERCENT 


TITLES 
TITLES 
TITLES 
TITLES 


"TARGETS 1-10 (SORTED CHRONOLOGICALLY 8Y DETECTION)’: 
FIRST DETECTION OF EACH TARGET®; 


WHETHER TARGET WAS DETECTED (VISUAL OR THERMAL)*; 
SECONDS SETWEEN DETECTIONS’; 
SECONDS FROM START SEARCH TO DETECTION’; 

SECONDS EACH TARGET CAME WITHIN FIELD OF VIEW’; 


“DISTRIBUTION OF FOV-TO-DET BY TIME’; 
*CSECONDS EACH TARGET CAME WITHIN FOV UNTIL DETECTION’; 


t et. 
* 


*TARGETS SORTED CHRONOLOGICALLY’®;: 
PROC CHART; 
VBAR SRCHDT] SRCHDT2 SRCHDT3 SRCHDT4 SRCHDTS SRCHDT6 SRCHDT? SRCHDTB 
SRCHDTS SRCHDT1O0/TYPE=PERCENT 
MIDPOINTS#8 24 40 56 72 88 104 120 136 152 168: 
‘DISTRIBUTION OF SEARCH-TO-—DET BY TIME’; 


“(SECONDS FROM START SEARCH TO DETECTION)’; 


t] Be 
e 


‘TARGETS SORTED CHRONOLOGICALLY’: 
PROC CHART; 


DETDET?7 DETDETS 


MIDPOINTS=10 30 S50 70 90 110 130 150 170 190: 
*DISTRIBUTION OF DET+TO=DET 8Y TIME’; 
*(SECONDS 8SETWEEN DETECTIONS)'; 


tT] eo 
. 


‘TARGETS SORTED CHRONOLOGICALLY’; 


VAR FOVDET] FOVDET2 FOVDET3 FOVDET4 FOVDETS FOVDET6 FOVDET? FOVDETS 
FOVDET9 FOVDET1O 
SRCHDT1 SRCHDT2 SRCHDT3 SRCHDT4 SRCHDTS SRCHDT6 SRCHDT?7 SRCHDTS8 
SRCHDT9 SRCHDT10 
DETDET1 DETDET2 DETDET3 DETDET4 DETDETS DETDET6 DETDET? DETDETS 


a 


PAGE 12 


" DETDET9 DETDETIO; 

* TITLE °TARGETS SORTED CHRONOLOGICALLY®; 

#PROC CHART: 

* V8AR DETECT] DETECT2 DETECTS DETECTS DETECTS DETECT6 DETECT? DETECTS 
" DETECTS DETECTIO /TYPE=PERCENT:; 

® TITLE °TARGETS SORTED CHRONOLOGICALLY’; 

*PROC CORR; 

» VAR FOVDET] FOVDET2 FOVDETS FOVDETS FOVDETS FOVDET6 FOVDET7 FOVDETS: 
*® TITLE °“TARGETS SORTED CHRONOLOGICALLY’: 

#PROC CORR; 

™ VAR SRCHDT] SRCHDT2 SRCHDT3 SRCHDT4 SRCHDTS SRCHDT6 SRCHDT7 SRCHDTS8; 
* TITLE ‘TARGETS SORTED CHRONOLOGICALLY’; 

=PROC CORR; 

* VAR DETDET] DETDET2 DETDET3 DETDETS DETDETS DETDET6 DETDET7 DETDETS; 
* TITLE ‘TARGETS SORTED CHRONOLOGICALLY’; 


TEI 
TEI 
senee THIS SECTION HANDLES THE SHORT RANGE DETECTIONS ONLY. #eennnes 
DATA NINE? 
SET EIGHT: 
ARRAY NRANGE (1) $ NRANGEI-NRANGEI 0: 
DO I=] TO 10; 
IF NRANGE="SHRT’; 
END; 
#PROC UNIVARIATE: 
» VAR FOVDET] FOVDET2 FOVDET3 FOVDETS FOVDETS FOVDET6 FOVDET7 FOVDETS 
" FOVDET9 FOVDETIO 
bl SRCHDT] SRCHDT2 SRCHDT3 SRCHDT4 SRCHDTS SRCHDT6 SRCHDT?7 SRCHDTS 
" SRCHDT9 SRCHDTIO 
sl DETDETI DETDET2 DETDET3 DETDETS DETDETS DETDET6 DETDET7 DETDETS 
” DETDET9 DETDETIO; 
TITLE] ‘TARGETS SORTED CHRONOLOGICALLY AND 8Y NOMINAL RANGE’; 
TITLES 
*® TITLES ‘SHORT RANGE (900-1200 METERS)’: 


SRNR ae s 
wemme THIS SECTION HANDLES THE MEDIUM RANGE DETECTIONS ONLY. Seeaanns 
DATA TEN: 
SE? EIGHT: 
ARRAY NRANGE (1) $ NRANGE1=-NRANGEIO; 
DO I=] TO 10; 
IF NRANGE=‘MEDM’? ; 
END; 
*®PROC UNIVARIATE; 
® VAR FOVDET] FOVDET2 FOVDET3 FOVDET4 FOVDETS FOVDET6 FOVDET7 FOVDETS 
] FOVDET3 FOVDETIO 


“ SRCHDT] SRCHDT2 SRCHDT3 SRCHDT4 SRCHDTS SRCHDT6 SRCHDT7 SRCHDTS 
bl SRCHDT9 SRCHDT1O 

" DETDET1] DETDET2 DETDET3 DETDETS DETDETS DETDET6 DETDET7 DETDETS 
" DETDET9 DETDETIO; 


® TITLE] *TARGETS SORTED CHRONOLOGICALLY AND 8Y NOMINAL RANGE’; 
CT ag Gy lard 0 
® TITLE3 °MEDIUM RANGE (1200-2200 METERS)’; 


BURR RRR 
SRR Renee 
wwaee THIS SECTION HANDLES THE LONG RANGE DETECTIONS ONLY. anne; 
DATA ELEVEN: 
SET EIGHT; 


a2 
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ARRAY NRANGE (1) $ NRANGE1-NRANGE1O; 
DO 1=1 TO 10; 
1F NRANGE®‘LONG’ 3: 
END; 
"PROC UNIVARIATE; 
* VAR FOVDET] FOVDET2 FOVDET3 FOVDET4 FOVDETS FOVDET6 FOVDET? FOVDETS 
“ FOVDET9 FOVDET10 
” SRCHDT1 SRCHDT2 SRCHDT3 SRCHDT4 SRCHDTS SRCHDT6 SRCHDT7 SRCHDTS 
. SRCHDTS SRCHDT10 
) DETDET1 DETDET2 DETDET3 DETDETS DETDETS DETDET6 DETDET?7 DETDETS 
a DETDET9 DETDETIO: 
* TITLE] ‘TARGETS SORTED CHRONOLOGICALLY AND BY NOMINAL RANGE’ 3 
[Wir 0 9 Gl ah 
* TITLES ‘LONG RANGE (2200-3500 METERS)‘: 


oo on OF on oh on oe en enn ae 
gS: 
fr 
cf 


O3 
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